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PURPOSE OF COURSE 



In an era" V^hen the requirement for additional sources of power is growing at an <?yer-incr^asing ratft and 
>yhen concern for' the protection of owr environment is rightfully coming to the fore, it is imperative that an 
unbiased, straightforward view of »the advantages and disadvanl^es of the various methods of generation of electrical 
power" be mad^-l^Vaiiabre 't#t>Ur^'scR^ 



This course is an effort to describe the need, environmental^osts and benefits of electrip^d power generation. 

« * * 

The development of this minicourse by the: Pennsylvania Department of Education was suggested by the 

U.S. Atomic Energy Commissioli, with the coritinued sponsorship of the Energy Research and Development 



Adminirtration. It was written and compiled by 



members of industry and conservation groups, ind .environmental scientists. 



John J. McDermott, Project Director 
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Frank B. Pilling ^ ' J 
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Michaill Szabo ^ . 
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John D. Voytko 

Daniel Welker . ' * . 
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a committee drawfi from educators, engineers, health physicists. 
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INTRODUCTION 



' Chiapters 1 and 2 of this te?:t present the increasing need for electrical power, and current, and proposed 
methods for meeting ^his'need. Exppsion of electrical generafing capacity in the immediate future wiU be limited to 
nuclear power plants or fossil-fueled plants. These plants are discussed in Chapters 3 and 4/ Basic ecology is the/ 
subject of Chapter 5. Wastes trom nuclear and fossil-fueled plants are discussed in Chapter 6, while health effects are 
discussed in Chapter 7. Chapter 8 presents some ^ the factors that must be taken into consideration when choosing 
the^te for a new power plantTlii ad(lition to increasing electrical power generatii^ capaaty, we mu|t begin to^ 
conserve the energy sources we have/'Thus energy conservation is the subject of Chapter 9. Finally, a^sunrimary of 
environmental effects is given in Chapter 10. ^ ^ f 



Appendix I is a glossary of useful terms, many of which are used in the text. Appendix. II is an extensive 
bibliography containing many useful references for further study. Appendix III is a decision-making model to help 
the reader analj'ze the information received. Appeitdix IV is a brief outline of the procedure which must be followed 
by a utility in order to construct and operate a nuclear pbwer plant. ' j ' 

• <■ * ■ 

Papers from scientific journals and other supplementary information are included in the colored pages at the 
end t»f^each chapter'. These are for ciqourse enric^^ent, and, may be used or omitted'at the discretion of the teacher. 



, CHAPTER 1 

V , THE DEMAND^FOR- ENEJIGY. , 

'1. - , World Energy Consumptiorr 



v^nergy, the ability do work, is the basic 
bu^<^ng- block of civiUzanon, People's use of energy 

* c^ice came only from/ their own mus^s./Later 
^huhians learned to use to keep warm and cook 

. food. Then they learned to use the energy of the 
wind in^ sailboats and windmiUs,- the energy of falling , 
water in waterwheeisi and the energy of animals to 

. work for them. Today we use a great variety of 
energy resources, and in doing so, wd are able to 
control many of the events which affect oflr tfvei " 
and thus raise our standard of living. . --' A, 

Figure 1 shows that a country's standard^f 
living is directly related to its use of energy. The right 
side of Ihe .cRart shows per capita energy 
. consumption for many countries in 1968. The per 
capita energy cons^umption for a country is the total 
energy consumption of that country divided by its 
, population, and is thusf tjie averagelimount of energy 
used by ea^ person in the country. 'The left side 
' . - of the chart sbpws per capita irlcome - the average 
Tlncome for each person in the country - for the year. * 
/It can'^easily be seen that countries with a hxffii 
standard of living, are those wi^h high energy , 
consumption. The United States leads the woffd in 
both energy consumption and standard of living. In . 
fac^, with only about 6 per cent of the world's* 
population, the United States accpuhtsi'or about one' 
third , of the world's energy^ 5onsu^^ Other . 
industrialized countrfcs'of-the woiWToUow the U.S. 
^^in ei^ergy , consumption, while , the developing 
countries show the. smallest energy consumption, ■ 
corresponding to lower standards of living. 

\1 Thu^ it appears that in order for the developing 
countries of the \yorld to raise their standard of^living 
thrpugh increased food production, improved 
sanitary conditions and increased availability of 
manufactured products, they must increase their per 
capita energy consumptiqg. It also appears that a 
continued high per capita consumption of energy will 
be necessary to .maintain the hi^ jtandard of living 
tha^ the United States and other countries enjoy. TTiis 

> increasing demand ^r .energy by the world's 
population is one of the reasons for the currel^jt 
energy shortage and the increasing cost of energy.' 

^ ■ / , • ■ ... 

" In addition to an increasing per capita ' 
consumption of energy, we" must consider the world's . 
"increasing population. • figure 2 shows world 
popiiXlfidn estimates for the past and future. At the 
beghining of the Christian era, there were 200*million 
to 300 million peonle in theVworld. It took about 
1,600 years for thApopulation to double to 500 
million. The populatiJ|i doubled again to one billion 
by 1825, in the next fcs years; during this time the 
first industrial "revolution, based on steam power, 
started, aUowing the world to support a larger 
population. By 1930, world population^had doubled 



again to tw;o biUion in only 105 years. Ehiring this 
time, the second industrial revolution, based 
prmiarily upon the development and use of electrical' 
power, took place. ( 

In^the 45 years since 1930, the population has 
doubled again to four billion. During this period, 

* medical ^adyances have increased life spans, causing 
even greater population increases. S5me forecasters 

• predict that the world population may weU -doublef 
again hiefore the year 2000. ' ^ 

' Figure 2 shows thai most of this gain wiU take 
place in the underdevelop^ xenons of the world,* 
Thus, these 'countries have an espJciaUy hard task^ 
Since they wiU hive so many more pcople^they must ' 
increase their ene|rgy consuihption by a tremendous 
amount to increake per capita cOnisumptiori. 

>^ The effect ^f growing per capita consumption 
flAd rapidly expanding population has been a great 
mcrease in worid ener©' consumption. This is shown 
iir ^Figure 3, which illustrates the rise in energy 
. demands, including some predictions for the future. 
Note that the demand rises so fait that it goes off 
^the top of the^ graph by the year 2000. ' Figure 3 
mtroduces Q as a measure of large ^imounts of 
energy. A standard measure of energy is the British 
Thermal Unit (BTU), whidh you have probably heard 
m descriptions of the capacity of heaters or air 
. conditioners. A G is a billion billidn BTU's of energy 
- that IS, a one foUowed by 18 zeroes. It can also 
be written 101 » BTU. One G is an.astonishingly large, 
amount of energy. To put it into perspective, the 
total world consumption of energy in 1970 was 0.20, 
while the* U.S.- consumptior| was OJQIQ, 

Figpre 3 also. shbWs the antbiint of energy 
obtained from the three major fossil fuels: coal, oil 
and^natural gas. These materials, deposited on" the 
earth hundreds of millions of. years' ago, represent the 
fossile remains of ancient forests and peat swamps. 
Note in Figuxe 3 how the use of fossil fuels increased 
rapidly, starting with coal about 800 years ago, 
foUowe^ hy' oH and gas at the Jbe^niling of this 
century. For the last hundred yefts br so, fossil fuels 
have accounted for most of the world's energy 
consumption.* Coal, oil and natural g^s w'ill be 
supplemen^d in the f«ture by petroleurii products 
from sources such as oil shale and tar sands. But note 
that the fosgS fuel use curve is leveling off, and within 
a hun^eifyears, fossil fuel use is expected to begin a 
rapid decrease. This decrease'. will be caused^ by the 
fact that the world*s fossil fuel supply, which is not 
replaceable, is being used up rapidly. Other energy 
sources must be found to fill in Ihe gap between 
world energy needs and dwindling fossil fuel suppli^ ^ 

Prior to 1850, most of the world's energy was 
supplied by the three Ws-OWnd, wood and water. 
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- Figurs 1 
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Figure 2 

WORLD POPULATION ESTIMATES 
Past and F^Jtare 
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Figure 3 i 
WORLD ENERGY CONSUMPTION • / ' 

P&st and Future * • • 
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these are still usec^ today, but ""fven expanding their • 
use could not make up the difference •betweerf '* 
worldwide nepds and the available Supply of ^fossil 
fuel. This is tMe reason for the* increased emphasis 
on {^search into othfer energy sources. « * 

i - ^Energy Corisumption Jn'the United States ' " 

FigureHi4, covering 400 yeais^for. the United 
States; gives fa more detailfd breakdown "of the 
various energy Source consumed in the paft, 175 
years, along with a possible futlhfe breakdown. This^ 
figure shows that oil and gas from bc^^ontestic and 
foreign sources will probaWy be' c^^n^med by the 
middle of tKe next century. The Targe resources from 
tar sands and oil shale, which ' are just becoming 
ec6po|nical to use, aWU probably be consumed by the 
end ' of the next ceiitury. 

r Coal is the one ifossil fuel v^ch will last us 
♦for" several centuries. Fortunately, this countiy has ' 
• much of Uie world*s knbwn coal reserves, llie area 
>beled "cogV • on Figure 4 also represents the 
^ inctteasing use^of coal to produce gas and qil. That 
part of the figure representing wood, wiifd arid water 
in^the past is expanded to include the predicted 
future use of ti^ and geothermal power aifd the 
COmbifction of agricultural wasteland other reftise as 
energjfc . sources;^ This ' figure 'shows the recent 
introduction, of uraniun>235 in nuclear reactors for 
the production of electricity. Note that this source of 
•j^nergy carmot be used indefinitely ^ the economical 
^pply of uirfnium'235 will eventually run Qut. In the 
future will.; come ttte use of: uranium-238 and 
thOn.uin-232' ill breeder reactors, which produce more 
fu^l.th^t Aey consume. These breeder reactors, along 
wiih, sialdr qnergy and fusion reactors, will probably 
be oUr' major ehergy sources in future cenjturies. 
, There may eyen be some completely new energy 
source, undreamed of today. 

The need for energy sources will, pf course, * 
depend on how fast'l;he demand for energy grow^. 
Figure 4 shows the 'demands that threer possible 
growth rates would make. Energy consumption has . 
increased an average of 3.4 per cent each year 
between 1950 and 1970. The steepest line on-t^igure 
4 represents a continuation^ of this growth rate. All 
possible energy sources would hav^ to be developed 
as rapidly aspossible tp environmental consequences. 
The horizontal line prqjects the reaching of zero ^ 
energy growth by the year 2000. Since the * ' 
population will still be increasing, dds approach 
would probablyw result in a gradual lowering of the 
Average stkndafd of living. Even this level of energy 
use cannot be 'long maintained by our traditional 
energy resourcesrMope efttcient consumption of fiiB 
energy l>eing pro4uced would help stretch our 
previous energy resources. The possibility of energy 
use increasing at its present late, but with more 
efficient use, is represented by the 1.7 -cent 
growth rate* line. ^ ':\ 



. ,Econo mic I mpact of the Energy Shortage f 

- • ... 

" Abundant energy at a reasonable cost is basic 
' . *tqf an industrialized' country like the United States. 
; Wien this energy is not available,' or when its cost 
'.'rises greatly, the impact is felt by all of us. For 
example, Uie petroleum shortages of 1973' and 1974 
had effects far beyond the long lines at the gas 
putnps. Oil shortages have also helped to slow our 
economic growth and' have been- a^major factor in 
^ the continuing inflation. ' 

The energy pinch is felt |n many ways. For 
example, the price of electricity _ has increased 
significantly for the first time ^ years, and people are 
buying smaller cars as fuel* economy becomes 
increasingly important. " 

The shortage of energy sources, coupled with' 
concern over evironmental -^pollution, has caused 
severe problems for electrical generating plants and 
other industries. They are forced to search for ener©r 
substitutes and to pay greatly increased prices for 
fiiel. • , 

Petroleum products are the basic ingredient in 
many man-made products, such as fertilizer, synthetic 
fibers, plastics, synthetic rubber, detergents aAd 

- paints. In the future, food will probably join tlje list. 
Witii such products in short supply, we should 

" perhaps consider Aether «uch manufacturing uses 
rate a higher priority than simply burning the 
petroleum products as fuel, ' . 

In the short term, considerable energy savings 
can be realized through conservation and careful 
energy management. ;Howcvcr, in the long run wc' 
mu^t develop new energy resources* and restructure 
our energy demaiids, since the availability and cost 
of energy hrtre a dramatic impact on our lives. 

% The Demand for Electrical Energy 
*■ i ■ ■ ■ 

- • Perhaps you have some feeling now for the 
complex energy problems facing us today. We will 
nc^w narrow our discussion to only one important 
aspect of the energy picture: electrical pdyfer 
generation and its environmental impact. The reason 
for our concentraction in this bi€& is that electrical 
power generation is predicted to be the Ifastest 
growing area of energy luse. In 1947, about 13 per 
cent of the fuel used in this country was used to 
produce electricity. By 1970, this figure had . 

- increased to '25 per cent. By the year 2000, it is 
predicted thai hflfcjvccn 40 and 50 pcr,centW the fijel 
used will beJHBansuined in the productioh "^f._ 
electricity. In' the ne;ct^century^ most of t(tB energy 
we cpiijume will probAly be in the form of 
electricity. • . • 

; A number of factors contribute to the 'increased 
. use of electricity over other agency forms. Ffrst, 
shor tages and increased costs of gas and oil win lead 
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Figure 4 • 
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to mora^use^of coal and uranium-235. These two fuels 
are most suited to the production of electricity. 
Secondly, the burning of fuel to produce electricity 
at few large installations should make for better 
poUution control. Pollution control is extremely 
difficult when millions of homes, factories and cars 
consume gas and oil for heat, cooling or power. Tl^ese 
two .factors' will lead to the increasing use of 
electricity, probably* including the widespread use of 
^ectric automobiles and public transportation. 

Electrical consuAiption is also growing because; 
of new consumer products and industrial processes 
demanded by the American public to maintain an 
ever-increasing standard of living. Do members of . 
your family own more electrical appliances than they 
did five years ago? Chances are good that they do, 
and this u$e of electricity in the home represent^ only 
part of an individual V per ^capita consumption^ of 
electricity. Much more electricity is expended, to , 
manufacture the goods and . services required to 
maintain flie desired standard of living. Most of the 
items which Americans take for granted, such as 
plastics, aluminum and glass, require the use of 
Electrical energy in their manufacture. In fact, the 
nation has tfecome so dependent onldectrical power 
and other forms of mechanicaS . energy that human 
muscle now accounts for less than one per cent of 
the work dpne in factories. - 
' ' ' ' 

In addition to these increasing jdemands for 
electricity, significant amounts will soon be required 
for cleaning up the environment by such uses as 
recycling of wastes and gewage treatment. 

Table 1 shows how the electricity consumed!^ 
the United States is divided among various segment 
of the economy. 



Table 1 

Consumption of jglectricity in the United States 



Use 

Residential . 
Conrnie^cial 
Industrial 
Other Uses * 



Percentage 
(UJS. Average) 



* . 9 



32% 
22% 
42% 
4% 



JSLI^LEMENTARY.^ 
r 'i-" MATERIALS 

'<:^rJr FOR 
- CHAPTER 1 
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TABLE^OF ENERGY SOURC^ AND USE . ' 

From ■*Bapk^r6und Info/' Public Affairs and Infof^^ . . 

Atomic Industrial Fdrufil, Inc. 

- Nucl^f power\wai be of cphsiderable significance in^helping to solve the 
• V .' U.S.'energy p^blenis, specifically in providing gi;paterV amounts of 
\^ , \ 'J electricity. This cif^ be illustrated by projec^g alternative powei:^ sources * 
and theirtises over the nextiew decades. Ttiesc projiclioni ifjdii^^ that 
^' " electricity will becoi^ifeeikngly iniportant in .the yVars ahc^ct^knd that 
^ nuclear power (along^lw^hcoa^^ will be vitally needem'as a rt^u^spurce;' 

* . Y ofp large-scale electric *ifcwer supply', today yectncity jrepres^^ .per 
Tcent of all energy us/d iii the.iJniteil igtates; Iby the Urear; ,20!t^'^rt^^^ 
represent almost 50. per feenr^l^^ \ ' \ 

For the most p^t.the^pf cations ii}'this paper are ill terin^'tif 
^ British Thermal Unit (Btu^. For qoinparison purposes soiile 3tu e(iu^- >^ 
' . alents fqllow: • *" , ''\' ^ ' 
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; - >TABLE 1 
fNaturai:Gas 




Common vrne; 



Rtus 



B*rel*,* 



5^800^ ^ 

iCubic^fe^^ V ^i-^V ■ i,d32/' 



SWirt t^n % '} ^ 24^000 to 



Nuclear fuel ^ / 
($Mch as Urahium-235' 



- S Pbund 



360,00Q;000 



» ■ ■< 



Sources: National Pttrblaum Council and Atomic Enargy Commissiop 

■ ' % ■ 

* 1 barrel of oil equals 42 gallons of oil. 



U.S. Energy Sdurces 



This table was put together before the 1973 Arab boycott with the ensuing 
shortages and spiralling costs of oil and gas. Though the boycott is ofTidally 
over, it is widely belieyed that shortages will continue perhaps indefinitely. 
Therefore the oil and gas figures, particularly those for 1 985 *an4 2000. 
could be considered optimistic. // is uncertain that we can import enough 
fossil fuels to meet our net^ds or produce enough to attain self-sufficiency. 
Today about 75% of our energy comes from oil and gas. By the end 
of the century their proportion will decline, and coal and nuclear use 
must increase. . ^ 



* Ont Btu is the standtrd ufitt for maaiidng tha amouiit of heat inarvy and is «|iial 
tQ tha amoMfit of haat anargy naoanary to ralaa ttU tampiratur* of ona pound 
of watar ona dagraa Fahranhait. ^ 



.,;v." 



, tABLE 2- 

Wh«re Our ^ergy Comes From (Trillions of Btus) 

1971 ] 1975 

1 2,560 (18.0%) 1 3,825 ( \^%) 

30,492(44.0%) 35,090(44%) 

22,734 (33,0%) 25,220 (31%) 

405 ( 0.§J«) 2,560 ( 3%) 

2,799 ( 4.4%) . 3.570 ( 5%) 




68,989 



1980 



1985 



16,140(17%) 21,470(18%) 

42,190 (44%) 50,700 (43%) 

26,980(28%) 28,390(24%) 

6,720 ( 7%) 11J50(10%) 

3,990 ( 4%)j 4,320 ( 5%) 



2000 

31,360 (16%) 
71,389 (3*7%) 
33,980 (18%)' 
49,230 (26%) 
5,950 ( 3%) 



80,265 ' y 96,020 



116,630 



191,900 



Soutm: U^. DtpMrtmtffit of ttM Inttrior, Dwcmvhm 1972 



Energy tfoe 




TABLE 3 



This table was also prepared before the boycott. As a result^ the figures 
for "ElfBctrical generation'* for" the years 1985 and 2000 may be low. In 
the future more energy from coal and nuclear may be needed to generate 
even more electricity tKah^this chart indicates to replace our dependency 
on oil and gas. 



Where Qur Erl<;rgy G6es '(^^^^ of Btus) 



Househofd'and 
coririme'rcial ' 

Industrial 

Transportation 

Electrical 
Generation 

Synthetic gas 
Total 



1971 

;i4,i28l(21%) 
20,294(2996) 
16,971 (2536) 



1975 

15,935 (20%) 
.22,850 (28%) 
19,070(24%) 



1980 



1985 



17,443(25%) 22,410(28%) 



17,500(18%) 18,960(16%) 

24,8lb (269^ 27,520 (24%) 

22,840(24%) 27,090(23%) 

29,970 (31%) 40,390 (35%) 

870 ( 1%) 2,670 ( 2^) 



2000 

21,920(11%) 
39,300 (^1%) 
42,610(22%) 

80,380(42%) 
7,690 ( 4%) 



68,989 



9,265 ^ 



96,020 



Aouroa;,- US. Oap^imnt of ih* In^ior, DacmmlMr 1072 



116^30 

/.,■■. 



191,900 



Electrical 'Enefgy Sources -« 



Eveiv with coal more than doubling its current contribution, nuclear wiU, 
haye to lhcrea«s iifty^ojd to meet the inevitable inqea^ in electiicit^' 
demand that is .resulting from uncerti&jlitief over oil ^atfd gas. 
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TABLE 4 



, Where Our Electricity Comes From (Billions of Kwh) 



Hydro 
Cb^l 

Oil . > 



1972 

273 (15.6^ 
771 (44.2%). 
272 (15.6%) 
375*(21.4%) 
54 { 3.1%) 
2( 0.156) 



1,747 



1980 

317(10:2%) 
1,211 (38.9%) 

421 (13.2%) 

410(13.2%) 
^7iS0 (24.1%) 

*^'4( 0.1%) 



3,113 



1990 

381 ( 6.4%) 
1,651 (27.8%) 
. 512( 8.7%) 

445 ( 7.5%) 
2,913(49.3%) 
20 ( 0. 3/) 



5,922 



&H«*«: SP;^ -tolin N- N-J^ Ctal^rt-n. F«d«.l Pm^/u,m^n. M th. Annual Symposium of 
*• Nmt Enghnd Coirfarmca of PubHc UtilftiMvCtitpbiiHioMn. July 9. 1973. : 



TABLE 5 



While Ae%test AEC Rrtdictk<ns of installed nucleai..capacity arc less than 
previous figures, mainly bwiiuse of power plant delays, nuclear is still 
expected to account forjhore than half the t«tal eliwtrical generating 
capacity by the year 2000. ■> ' .aiki^. 



Unitc^d States Nucleii^: Electrical Generatii)g Capacity* 

1980 



Megawatts 

Total Electric 
in VS. ' 

Niiclear's 

Per cent of total 



.1973 " 
« 

25,000 
429,456 

5:5 



102,000 
630,000 

■16 



1990 

475,000 
1,150,000 

'4l 



• .f 
2000 f 

1,090,000 
2,000,000 

• 55 



Soum: OHIO of iWiio Md Anriydii. Alomie tnmw Conwilrtoii. A^ 24. 1974. 



^TlMM foTMMtt m pattern rang* of praiKtlom wMi tiM •bov* tabli vtowad w tiio 



moM rMHttic 



Icity 



The make-up of electricity usage it not expected to change appredaUy 
ia, the years ahead, but each categoiy will eKpiuid tignlQcanfly. 



TABLE 6 



Where Electricity Goes (Bflli6n| of Kwh) 



Residential 
Industrial \, . 
Commercial 
Other 

Total " . 



1973 

5^5.0 (32%) 
766,1 (41%) 
' 390.8 (23%)^ 
68.0 ( 4%) 



1,719.9 



1980 



930.2(33%) 
1,1087(39%) 

634.0.(23%). 
>122.4( 59^^ 



2,795.2 



198^ 

1,310.8 (34%)" 
.1,470.1 (38%) 
876.0 (23%)- 
169.0 i 5%) 



3,825.9 



1990"^ 

1,749.3 (34%) 
1,942.8 (38%) 
1,14^6(23%), 
234~0 f 5%) 



Estimated 



Sourc*: Elec&ical World, S»ftt»n*m ■IS73 

• ■ ' * ' 

Uraniuoi Reserves - 



i 




Based on favorable gct)logic, indications, it is expected that th^ United 
States has rescr^s to- meet requirements up ta 1990. Since thiuraniuhi 
industry usuafly .develops an eight-ytar forward rfeserve, yfcontinuiig 
exploration .at a high level is indicated in order to meet reqUir/ments aftlr 
1990. Based on favorable geologic characteristics of areas c/ntiguous to. 
blown producing areas and elsewhere in the U.S., i/ is believed 
.tha]jl 4here 'is sufficient Uranium in the ground to satisfy this re- 
quirement. ' > , ^ / ^ 



TABLc f 



AECPorecast; of Domestic Uranium Requirements (03% U-235 Tails) 
: (Short Tons UgOg) ^ 



/ 



Year of 






Delivery .- 


Annual , 


Cumulative 


1973 


10,000 


10,000 


1975 


18,200 


42,100 




38,400 


189,700 


1985 


71,500 


474,100 


1990 


117,900 


968,506 . 


TABLE 8 







Domestic Sources of Uranium (Short Tons of. tjgOg*) t 



Maximum forward cost 
per lb. of U3O3 

$ 8 

10 v 

' . -15 . 



Reasonably, 
assured 
reserves • 

277,000 
340,000 
520,000 



4^^ 

additional 
resources 

456;0b0 

; too,ooo 

1,600,000 




Total 

727,000 
1',040,000 
1;520,000 



'l5o«rw:'AEC JtmWy. ,1974. ,. . 

f A rafiiMd form of ur^nhim mM ytHow^ln tint b MrielMd fiir 
A Iw* niidiM' poww piMt typlMny eoMalni from 100 to 180 torn of 

. , • ■ . ■ ■■ 14- .. 
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NEWS RELEASE - Bureau of Public Affairs 
O^partmfnt of State 
\ Office of Media Services ; 



L^CT^RE: INtERNATIONAL REALITIES OF 
THE ENERGY CRISIS 



Following is the^text of a lawure given by Dr. * 
Chauncey Starr at tl^e US. Dejjartment of State-in^- 
> /Washington, D.C. Dir.- Starr, founder of Ui c A merican 
^ Nuclear Society, is Vice President of the National' 
Academy oCfengineering, a member of th6 President's 
Task Force on Science Policy and a member of the 
-Office of .Science and Technology's Energy Panel.. 

AJ^o participating in tjie presfntitibn was a 
panel^ of three other distinguished scientists! Dr. 
Robert A/Bell, Dr. Ralph E. Lapp and Dr*. Gordon . 
J. F. MacDonald. 

The presentation was one in a series of science , 
Ic^res sponsored 'by the' State Department. 

International Realities of the Energy Crisis • 

"Between now^and 2001, just 30 years away, 

. the U.S. will consume more energy than it has 4n 
Us entire history. By 2001 the annual U.S. demand 
for energy in all forms is expected to double, and 
the annual worldwide demand will probably triple. 
These projected increases will tax man's ability to 

• discover^ extract and refine fuels in the huge volumes 
necessary, to ship them safely, to find suitable 
.locations for several, hundred new electric-power 
stations in the U.S. (thousands woAdwide) and to 
dispose of effluents and waste products with 
minimum harm to himself and his environment. When 
one considers hqw difficult it is. at present to extract 
coal without jeopardizing lives or scarring the surface . 
of the earth, to ship oil without spillage, to find 
acceptable sites for power plants and to control the 
cffluerfts of our present forf-burning machines, the 
energy projections for, 2001 indicate the need for 
thorough assessnrjent oT the available options, aiid 
careful planning of our future course. We shall have 
tp examine with both objectivity and humanity the 
npccssily for the projected increase in cnerg>^ * 
dcqjand, its .relation to our quality of life, the 

' practical options technology provides for meeting our 
needs and the environmental and socl^ consequences 

, of these options." : > ' 



The above quotation is taken from L^per I 
•prepared more than a year ago. It describes thie nature 
of the -eontinuing problems we face - aod which have 
recently reached public attention in the form of the 
^'energy crisis, " The tcm '"eriergy crisis" has served 



as a convenient laymkn's umbrella for encompassing 
a wide variety of society's concerns with the energy- 
situation. Because these dp not have a common 
j solution^ it is important to examine them separately 
and Jo clarify the several issues we face. 

The "crisis*' designation tends 't^ be rmsleading, 
because it implies that quick-fix emergdicy' steps 
should be taken to cure situations which have 
. developed over many years. In fact, there are no 
, quick fixes. Further, the practical' reaHties of the 
, ^ situation have not yet required an immediate national' 
"crisis" response^ hy ^applying true emergency 
measures - such as energy rationing at|d cessation of 
energy consuQiing activities.'^ ^ ^ ^ 

The fact that pressing localized issueis have arisen' 
should gw us concern« both as indicators of 
widesf^read inadequacies and as they ipay portend 
more serious- things^^to Cfome. To use a medical 
analogy, the patient may have istdies and painis, but 

* can still do a day^s work and live normaUy « the. 
situation doesn't justify hospitalization now» but 
could get worse if remedial treatment is negldcted. 

' *' ■ " . , ■ • ' 

In like manner, the most pressing energy need ' 
is for a coherent and long-range program to |dan and 
manage our , national and international energy 
system$. It takes 10 to 20 yean to significantly alter 
the trends of these huge systems.. Waitmg until the 
situation ^becomes intolerable nnist now • be 
recognized as intentionally planned neg^t - a^ 
societal irresponsibility difficult to pbndone. 

Our national and intemation'ai energy systems 
c(tosist of a conqrfex of interlocked activities, 
including fuel resources (most notably the fossiQ fuels 
: coal, oil and gas), the distribution of these fuels 
either by pipeline, truck or tanker, the distribution 
of electricity generated from these fbds, and finally 

• the many end uses of energy^ ^ 

Energy is consumed for residential purposes, for 
transportation, by the manufacturing industry, and 
in syndry other ways. AO activities of any energy 
system have some environmental impact. For 
example, the development of fiiel r^KMirces gives rise 
to lartd use and esthetic issues. The distribution of 
these fuels involves tran^ortation risks lic^h to the 
/pu^c and to our ecdi^ ^ 

The conversion of these fpds into either 
electridty or mto their end fi«icti«s • such as 
aiitomobfle transportation, indn^Erial pperaticms, and 
the like - creates air pdhiting efllu^ and waste 
heat. V In addition , to tbna / more obvious 
environmental impacts, Aeie ^ m secondary 
by-products from energy 'systems that are not as 
V directly visiUie to. the public, but which ne also 
important sodetal costs -sikdi as fiies, explosions and 
accidents. . ■ 
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The current public focus on the energy cnsis 
arises primarily from a few immediately visible 
near-term^ events. First, because of the <5fccasionai 
shortages and malfunctions of the electricity <lelivery 
system, which cause .dramatic blackouts and 
brownouts in- spot areas, the public affected has a 
discomfortiyig anxiety about tftc. reliability of supply. 
The "crtsw^^ature oC this i^e teflds to be very 
localized 'in pJ^.Q5,and time. The great majority of 
our population have no difficulty with getting 
electricjMpn demand. . 



The second n^ar-term issu^ is that related to 
iirban air pollution.^ 'However^ air pollution arises 
from a great variety of sources, many <if an industrial 
nature not directly related to the energy systems. The 
contribution ^to air poUutioVjjvWch arises from the 
generation of electricity • isl^ftnificant, but usually 
.only a modest part of the total. Mo$t notably the 
♦ use of petroleunl products for private and public 
motor vehicles is jhmajbr source. These two items, 
the continuous delivery of. electricity and urban air 
pbllutipn are geiytrally the stimuli for the public 
attention 'ta ene^ issues. ' r ; 

■ «■ . ■ • 

The continuous deliv^ of .electricity to meet 
demands, without the penalties 'of Ifrownouts or 
blackouts or other, failures, has always been the 
traditional objective of the electric utility industry. 
In order to accomplish this, the industry has 
anticipated a decade ahead the growth in deniand for 
electricity, so as to schedule the construction of 
Ijower generation and -distribution facilities to meet 

rch foreseen needs. 
• Electric utilities have also tried to maintain a 
sufficient surpluS of generation capacity tc^ovide 
a reserve for unexpected breakdowns of equipment, 
maintenance and other caus^ of disruption. In the 
past several years the normal anticipatory plannii\g 
of the electrical industry has gone askew because of 
conditions not anticipated. at the time when the 
ori^al conuhitments for future: plants and 
equipment were made. These unanticipated issues 
have arisen from many sources, but perhaps the two 
most important are the fint recently restricted' 
availability 'of suitable fuel and secohd the liew 
environmental Criteria for power plant performance. 

;The traditional fuel for power plants has been 
the fossil fuels - coal, oil and gas; Coal, while an 
abund^t mineral in the United States, unfortuhatbly 
produces the /largest oyerall environmental impact. 
The mining operations,!, underground; Vfxid ' strip 
mining, imrotye s6cial costs.as8odated with safety and. 
land use which are quite substantial and require veiy i ' 
large remedial investments. In addition, coal confa^ 
a large number of foreign elements, iiidudirig sulphur 
compoiindl). vdiich are environmental poOutants. 



The result has been that vMe the demand for 
. coal has continuously increased for power production 
purposes, its iise creates problems whicli, have yet to 
^ be solved satisfactorily. In particCitr, thfe abiHty to 
remove the sulphur cdntamihation from, the coal, 
either prior to its use or after^ts ischarge as% gas 
,in the power plant stacks, requires the conunercial 
d?velppment of new technologies only now 
undergoing pOdt pl^t trials. • 

The available indigenous oil in th^ VS. has not 
been sufficient, to meet our rieeds. ft^i&use of the 
slow development of both our onshore and offshore 
oil reserves, we have become one of the- peat 
importers of oil. Oil, IHce coal, dofttains sulphur which 
generally requires either removal prior to combustion 
or in the power plant stack gas. Naturally low sulphur 
oil is available in relativel); small amounts. 

The recent environmental restrictions on ofl 
drilling* on the cphtinental shelf (because of the 
possible leakages into the marine 6nviroim<pnt), and 
the^ concern with the ecolpgical impact of oil 
pipelines all have^ tended to slow down or inhibit the 
full exploration and development of oil resources. 

, Natural gas is the least contaminated form of 
fossil fuel and is therefoje in great demand for power 
plant*, use. It is also in grtert demand/for industrial 
and /domestic use, because of the ease with which 
it can be transmitted and distributed and the 
simplicity of combustion equipment. For 
complicated reasons, ^including pricing* poUoies; 
natural gas -has been mostly a bjrproduct of oil 
development. At the present time there appears to 
be an insufficient reserve of natural gas in the United 
Stated to permit continued expansion of its use. Thus, 
; this most environmentally acceptable of all' the fossil 
fuels is also the most limited for ,the future. 

/ * 
For all these reasons the utility industry 
recognized some yean ago that the unique "clean air" 
characteristics of nuclear power Would n|iake it a very, 
desirable addition to the avaU^le tedudeal bptionf ^ 
for the generation of * electricity'. For abnost two- 
decades the utility industry:^ actively supported 
nuclear power development, and underwritten the 
higher costs of the fint stages of coame^ds^aisig 
nuclear powers \ ^ 

The rate at widch nudev poiwr luuhfntered 
into the -woductton ot «lMtridfy.^ it, howBWii; 
disappointin^y J($ss that yiUA expected hy 
%-UtiIitief;The liriMdelvi were iiodated with 
Mtabliahing the reHirtaiity neidetf for comineircial 
operations. More recently theie ftoits: have been 
delayed' by the intervention of varioiii public ffoaps 
fearful of their jpotential envirgnniental impact. 
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^ These interventions are ^primarily serving as a ' 
means of pubUc education and communicaUon • 
cbnceming the relative safety of' nuclear power^ h 
JJnfortunately, the associated delays, sometimes 
extending for several years, have had a serious impact ' 
on reducing the planned expansion of nuclear power 
availability. 

Thus, as a resylt of the combined effocts of an 
inadequate supply/of environmentally suitable fojsil 
fuels to me.et expanding requirements, the time* 
needed for technical development of anti-fjoDution 
devices to permit^ use of available coal an<t^oil, and. 
delays in the authorization for nuclear power plants, 
# we face a near-term situation ^cre the generating 
capacity of pur national electricity system does not " 
contain every\v*ere an adequate reserve for meeting 
unique peak 'demands and providing protection 
against unexpected power plant failures. 

There are many regions of the country where 
these issues have not been pressing. Unfortunately, 
there are many urban areas that have had^;a large 
expansion of electricity demand, and in these the 
margin of reliability has been so reduced that even 
minor malfunctions or unusual weather conditions 
can create electricity shortages Iwth considerable 
public discomfort and, in some cases, public hazards, 

. , . ' ' , 
^ Such problems can only be avoided by 
^dfhinistrative removal of unproductive delays and 
interferences, and by ,the most efficient use of the 
available resources of fuel and power generaUon 
facilities. Because it takes a decide or more to bring 
new technical developments or new fuel systems into " 
operation in our enei^y system, it is not likely that 
these near term pressures wiU be rapidly removed by ^ 
technologies still in the process of development. 

The availability of energy has always ^)een of 
basic concern because of the intimate relationship of 
energy to our societal development. It has become 
a major public issue only^in the past, several years, 
and will probably alfg^ remain with Os as a primary , 
consideration in the*future. Basically, our society 
cannot function withotit eneAr in various forms. We 
utiliic. it for elemental physSu comfdhj)y heaUng 
and cooling, we utilize it to ruiw)ur industries, arid 
we use it for recreational purposes. ' 

All these uses haVe^always had some impa/t on 
the environment. As our per capita use has ffowny 
in the past several generations, and as our population " 
im grown and also concentrated in large urban arcas,^ 
these environmental Impacts have become $ufficiei)|Iy 
severe that we nov*r*inust begin to develop ;either ' 
better energy techndogy some limitations dn 
energy use* or both. It must be recognized that there 
is no forrn^ of energy which •may be used without 
some environmental impact. 



The issue is not one of "good or bad" but one 
of balancing the beneficial aspects of energy use 
against its undesirable environnShtal effects. As a 
naUon w^ are presently engaged in, developing a 
socially acceptable balance between these twd issues 
through* public debate, technical and scienUfic 
re^arch, and through empirical trial and e^ror. This 
development of a sound social philosophy for the use 
and control of energy, so as to maximize the public 
good, may be one of the most important naUonal 
issues of this decade. ^ 

lx)ngHraiige planning of our naUond . §nd 
•wortd-wide energy systems must start with some 
estimate of future energy demands. A conception of 
the future may come, from a simple extension of 
historical trends, or may be developed from a more 
sophisUcated analys^^ofcjinging life styles apd their 
impact on end-use needi. 

Since 1900, the average per capita energy 
consumption in the world and the, UJS. has doubled 
^very 50 years, with some short term perturbaUons; 
There appears to be smaD . likelihood that this 
long4erm trend of • increasing per capita use will 
diaiige next several depades. * 

■^^^ll^P'^feof increased public concern with the 
'^j^^^^ Qf Wh a growth; there is actually very little 
pragmatically to limit it - other 
mB«.<diifecti^a?arcity or rationing - because of the 
intimate connection , between the life styles of 
peoples, their aspiraUoris, and their en wgy supply. 

The futoSre need for energy in societal 
development k of two brp^d types, one characteristic 
of the highly \dervelopcd section of the world and 
one typical ofjthe underdeveloped 4Jbrtions. During 
the past tWQ denturies tfie industrialized nations of 
the worid signfficantly increased their energy use in 
order to sustain their population growth and to . 
improve the condition of their people. 

It is likely that in the next century the per 
capita energy consumption in these advaiTced' 
countries will apiwoach an'equiUbrium level, first 
because the quaUty of life. f6r the majority of the 
population win be less dependent on increased energy 
use, and second because ciivironmcntal constraints 
1^11 make energy more costly and thus encourage 
mcreascd efficiency of its end use. The hoped for 
population equilibfium in advanced nations will also ^ 
lead to an eventual levelingoff of total energy need 
f<ir these^ countries* ^# 

V While it is pos^Ue that the future creation of 
wdaDy desirable high-techriblog3f energy consuming 
devices may maintain ,i| .continuoinIy jsibi^ energy 
demand, ^ neverthdess, the reislKties <rf resource 
economics will probably create a traden^ff ceiling on 



.^energy demand. Only the development pf new energy 
resources (such* as fusion) which are/b^th low cost 
and extensive can lift such a ceiling.- Even so, the 
^ availability pf» investment 'tapitaL - a marimade 
resource - may limit such ribwth. 

For the underdeveloped part ^f 'the ^rld, 
which contains most of the world's population, the 
situation is quite different. These peoples are still 
primarily engaged in*malntaining a minimuhi level'bf 
subsistence. They have not as yet had available the V 
power resources necessary for the transition to a 
literate, industrial, urban, and s^iculturally advanced 
society. Historically such transitions have always , 
involved both an increase ia population and an 
increase in per capita energy^lonsimiption. We are r 
seeing this now in most of the underdeveloped 
countries.'. So, the inevitable popul^ion growth, 
cabined with an increased per capita energy use, 
could result in afi- enormous worldwide energy 
dgmand. 

A capsule example of what can occur is provided * 
by Puerto Rico. It is being' shifted to an indu^rial 
economy from an ^grar^pi^ sugar economy by the ^ 

\\?P^p^ed investments of foreign capital.. In 1940 the 
Annual electricity consumption was about 100 kwhrs 
- "pcf capita, comparable to India's present usage. By 

1 l^^O this had been more, than doubled to 220 kwhrs 
per capita. By 1 968 this had increased to 1 800 kwhrs 
per capita. This is an average doubling time of about 
7 years. (By comparison, the U.S. consumption in 
1968 was about 7200 kwhrs per capita with a present 
per ciipita doulfli ng7 time of about ^ 12 years. Now, 
in 1972, the U.S^ level -is about 8800 kwhrs per 
capita.) Puerto Itico is,, of course, a unique case of 

^ accelerated economic development; but the 20-f6rd 

:jincrease in per capita electricity comsumption is 

^. nevertheless startling. * 

* At present the U.S. consunves about 35 percent 
of the world's energy. By the year 2000 the UiS, 
' share will probably drop to arpund 25 percent, due 
.chiefly to the relative population increase of the rest 
of the world. The per 'capita increase in energy 
consumption in the U.S. is oow about 1 percent per 
year. , Starting from a much lower base, the average 
per capita energy consuniption throughout the world 
is increasing at a rate of 1.3 percent per year. 

It is evident that it n^ay be another century 
before the worid average eWh ai^oaches the current 
U.S. level. At that time the energy gap betwe.en tic 
U.S. and the underdeveloped worid will still be large. 
V^th unaltered trends it .^uld take 300 years to 
dose the gap. By 2000 the world's average per.capita^ 
energy consumption wiD have moved only from the 
present one*fifth of the U:S. average to about 
one-third of the present 'U.S. average. Of grave . 

'0 C 



concern is the nearly static and very low per capita 
energy consuniption of areas such as India, a country 
whose population gl^wth largely negates its4ncreased 
total production of energy. 

If the underdeveloped parts of the world were 
conceivably able to. reach by the year 2000 the 
standard of living of Americans today, 4he world-wide ' 
level of energy consumption would be roughly 10 
times ihe present figure.. Even though this is a highly 
Unrealistic target for 30 years hence, one must assume 
that world energy consumption will move in that 
direction as rapidly political, economic and 
technical factcnrs will allow. The problems implied by 
this prospecf are awesome. ' 

Increasing per capita income is an essential for 
increasing the quality .of life in underdeveloped 
countries, and this requires energy. It has often been 
'suggested that because df its environmental impacts* 
energy use be arbitrarily limited everywhere. This . 
requires the same type of societal decision that would 
be associated with arbitrarily limiting water supply 
or food production. * ' 

Given the objective of providing the people? of 
the world as good a life as man*s ingenuity can 
.develop, the essential role of energy aVailability must 
' be recognized. the same motivation that causes 
the agronomists toX^k an increased yield per acre, 
it is the function of technology to make energy 
available in sufficient dmount to meet all essential 
needs,*^ and with sufficiently small enviroiunental 
impact as . to ensure that the benefits outweigh all 
the costs. 

Because even in the industrial societies the per 
capita use of energy in large amounts is on}y a 
century old, and in most ot the world it has not < 
even started, we have, both a growing need and |n 
opportunity to develop long^ange plans for optimally 
supplying this essential aid to world-wide social 
development. 

One better appreciate the energy problem 
the world faces if otit simply c(Hnpares the 
cumulative energy demand to the year200Q - when 
the annual rate of energy cpnsumptidn will be only 
three times ^e present rate - with estimates of the 
economically recoverable fossfl fueB. # • 

The estiinated fossil fuel reserves are greater 
than the estimated cumtdative demand by only a 
factor of two. If the only energy resource were fossil 
*fuel^ the prospect would be bleak indeed. The« 
outlook is comidetely altered, however, if one 
includes the energy available from nuclear power. As 
has often been stated, nudftu fisdon provides 
another major resource - with tfie. present U^t wttir 
reactors about equal to the fossil ftiels, and with the 
bnseder reactors afanott 100 times as much. 



There is no question that nuqlear power is '^ 
saving technical development for the energy prospects 
for mankind. Plwnising but as yet technically 
unsolved is the de^opment of a continuous supply 
of energy from solar sources. The enormous 
magnitude orthe solar radiation that reaches the land 
surfaces of the earth is so much greater than any 
of the foreseeable needs that it represents an inviting . 
technical target. 

Unfortunately, there appears ' to be nb 
economically feasible concept y^t available for 
substantially tapping that continuous supply of ^ 
energy. This somewhat pessimistic estimateX)f today's 
ability to use solar radiation should not discourage 
a technological effort to harness it more effectively. 
If only a few percent of^the land area of the U.S. 
could be used to .absorb solar radiation effectively 
(at, say, a little better than 10 percent efficiency), * 
we would meet most of our energy needs in the year 
2000. Even a partial achievement of this goal could 
make^a t^^endous -contribuifion. 

the land area recjuired^ for the confunercially 
significant collection . of solar radiation is so large, 
however, that a high capital investment must be 
anticipated;. This, coupled with ther<;ost of the 
necessary energy-tfonversibn systems and storage 
facilities, makes solar power economically 
uninteresting todiy. Nevertheless, the direct 
conversion of solar energy is the only significant 
long-raiigQ alternative to nuclear power. 

The .pos^ility (5f obtaining power from 
I thermoniiclear fusion has not been included in the ■ 
listing ,of energy resources because of the great 
uncertainty ahgut its feasibility. The term 
"thermonuclear fiision, " the jlrocess of the hydrogen 
bomb, describes the interaction of very light atomic 
nuclei to create highly energetic new nuclei, particles ' 
and radiation. Control of the fusion process" involves 
many . scientific phenomena that are not yet 
understood, and its engineering feasibility has not yet 
been seriously studied. Depending on the process 
used, controlled fusion ntfj^t open up not only an 
important added energy resouree but also a virtually 
unlimited one. The fusion process remains a 
possibility with a highly uncertain outcome. 

^ It has been proposed that tapping the heat in||^ 
the rocks of the earth's ciust is feasible, and if it 
is, this could be important. At present, the initial . 
1>robing of this source has not yet been tried - sa 
its' pragmatic availability is yet uncertain. 

It Is dear from all such st\idies, that for the 
next centiiry mankind is unlikely to run out of 
avaib.ble en^y^ Instead, the important issue is 
whether the increasing, cost of enetgy (including 



^ environmental costs) will become a "major handicap 
to world-wide societal ' improvement. Just as an 
increasing cost of water wjth increasing u^ge npght 
limit tMe de\rdopment of an area; the "same, could 
apply te the use of energy in 'v^ious parts of the 
world. ' 

Within jjpture's limitations man has tremendous 
scope for planning energy utilization. Some 'of the 
controlling factors that eijitdr into energy policy 
depend on the vohmtary decisions of the individual 
as wen 4S on government actions that may restrict 
individii^JVpertemTae questions of fe^ibility, both 
economic and technltal, depend for their solution oh 
the priority^^and^^gni^^^ of the^effort applied. 

The tune^'sc^te and, costs for implementing 
- depisions, or resolving issues, in all areas of energy 
management have both short-term and tong-term 
consequences. There are so rnany variables that their 
anangement into a "scenario " for the future Mcomes 
a matter of individual choice and a fasciijating 
planning game. The intdlectual complexity of the 
possible arrangejnentsf for the future can,lhowcver,' 
be reduced to a liniited number of basic policy 
questions that are more sociological than technical 
in nature. 

r . ! 

Dr. Starr referred to a table, not reproduced 
here, showing a partial list of thie controlling factors 
which enter into energy planning. He continued: 

As shown, the only parameters under our 
control which can alter the nature and trends of ' 
near-tenti energy systems ar? a limited number of 
individual and governmental choices - life style and • 
^value oriented rather than technological iii nature. An , 
individual choice of energy device (home heating, for 
example) can be made and implemented with a time 
constant of about a year. A choice by a societal unit . 
(location of a power-station, and efllyent regulation, 
for example) takes abouV a decaide to ' make and 
implement. Thus, the full effect of such societal 
decisions ojfSten doesn't develop until more than a 
decade* hy passed ♦ 

In the technological, domain of new 
econofnicaOy acceptable energy devices, wtf are really 
working for the ne/t generations, rather than our 
own. Even lAicleaf power, v^ch was certainly . 
supported by govemn^nt as enthusiastically asany^ 
technology in history, has taken 25 years to esCaU^ 
a commercial base - and stiD hasn't made a real 
impact on our energy supply. 

Of all the energy needs projected for iht year 
2000, nonelectric iiMS represent about two-thirds. 
These uses cover such major categories as 
transportation, space heating and industrit^ processes. 



The 'largest energy user at that time will be the 
manufi^tujihg industry, with transportatioiwisirjg 
about h^ as much. Transportation is illustrativeof 
-^the* possibiDtics'in societaKplanning. The autfmobile 
is rest)onsible for almost^ half of tfie world's ofl 
x^nsumption -«^nd a corresponding 'part of- its air 
pgljution.^ Elxcept for the air^ane, the , private 
automobile is the most inefficient mode of using 
'energy for travel. . * 




For passenger travel, railroads^^^a^^ 2 1/2 
as eflicient as'autos and 5 l/2;tinies as efficien, ^ 
airplanes. Buses are 4 times as efficient as ^utos. For 
frei^Jit, taifoads are 3 1/2 tinjes as efficient as trucks 
and 55 times as efficient as airplanes. Qearly, to 
reduce energy consumption an extensive nationwide 
network of railroads, with^ local bus service, is faf 
superior to "an automobile road network. 
Unfortunately, the world-iiOide trends have been 
diametrically opposite, and Aehdman prefer^^ice' for 
personal mobility have reinforced such trends. 

J^inally, contrary to much public comment, the 
development of new speculative energy resources are 
investinents for the future, not a means of remedying 
the problems of today. Unfortunately, many of these 
■ as yet uncertain and undeveloped sources of energy 
t are oft^n misleadingly cited publicly a»having*a great ' 
..^promise for solving our present difficulties. In 
'1/, addition to their technical uncertainties, many of 
these speculative sources are likely to be limited in 
their contribution, even if successful. 

Unfortunately, the attraptipn of "jam 
tomorrow" may persuade us to neglect the need for 
"bread and butter" today. 'Because of the very Jong 
time required for any new energy device to became 
\ part of the technological structure of our society, 
Hjiese speculative sources could not ; play a major role 
before the year 2000. The quality of life of the 
peoples of the world depends upon the availability! 
in the near future of large amounts of low cost energy 
in useful fonti. This being the case, we must plan 
an orderly development and efficient use of the 
resources available to us how, and these arc primarily 
fossil fuels and nuclear fission. 

Given .this situation, ^t are the possible 
impficts on U.S. relations with fbreign countries? 
Because of our ^present limitations on the use of hi^ 
sulphur cc^, and the present ufuivailability of more 
natural gas» a rapid shift to oil is now und/rway, 
because oi} can b% found with low sulphur or can 
be d&ulpfiurized 

There is no eniergency reifiedy except rationing. 
Because roughly half pur oil goes to transportation, 
this is' the likely area to be controDed, not electricity. 
U.S. ofl production can.be increased only fractionally 
even if all internal coiitroU are removed. 



If the ]k)litically distasteful course of rationing 
is not taked, i)ur 1970 foreign ofl purchase of J5 
billion vd)r become $10 ^Mjioti jm 1975, and $f5 
billion by 1980, at M^Wch<&ne*h^f our/Wf consumed 
^ beTforeign. For perspective, these 4oIar outflows 
may be\compared with the total UJS. ^nual capital 
investments of less th^n %\ 00 billion. I wfll npt dweB 
on the international monetary 'consefluences. 



It shoiild also be remembered that increased fuel 
cost means increased wst of goods^ reduced foreign 
sales, and worsened *trade balance. The foreign . 
relations issue is, of course, aggravated by jthe in- 
creasing dependency of the UJS. on the ofl^ffodudng 
nations without a^ balancing depe^ency on their 
part. The international tensiosis so jvoduci^d can lead 
to consequences of the most seripos nature - a variety 
of scenarios can be irmgine'Sr 

A paraQel situation exists in Western Europe, , 
and both France and£rermahy have embarked oii^ the 
construction of ofl storage facflities to provide at least 
three months reserve; (fhe U5. now has a M week 
stored supi^y.) The recent North Sea discoveries wifl 
help but not solve this probleni. Thes» countries- are 
also developing pipeline connections to the USSR and 
jEastern European oil fields. Western Europe and the 
US.- may end up in tonflict for limited wodd 
resources. 

For the U.S., the C^dianrsOppUes^^^ 
mi^ctiv^ but both trade barriers and lack of 
9icentives have inade this a slowly developing course, 
iferhaps we should offer the DjO (heavy water) for 
their ofl. The Canadians have no reason lo be 
concerned with our proUem and may be viewing it 
with some skepticisn^ as do rnahy foreigners. 

■ > . • - . ■ ' ^ 

After all, 4ic enwonmental issues that have 
engendered oiir ' situation have a very dubious 
rationality. The ^public health cmality relations 
which are the reputed origin of our poUution 
standards are not, in fact^ based ota dtaionstrable or 
. credible risk-benefit analyses. They iaie in^d ; 
judgmental levels set primarily for esthetic or comf (^1 
purposes^ with health benefit margiiial at best. This 
is not likely to create iQtemational sympathy. 

Althougih the near^enn U.S. situiiBon has no 
quick fix, the intermediate term ^^t 1980) has 
several optional aids. Offshore driOi^fpr exanq^. 
This is much len poOatiiig than tanker inqxirta, an^ 
given time coiild {robably meet much of cnx needs. 
Of course, we np^ resdve the issue of the iton^ p/ 
/At if we wish to exploit the resources beyond 
the Ihiee mile^lunit..Another option is to ease tfie ' 
eiivircxtenitalt and esthetic constndnis andreacthmte : 
ooal mining, and this may occur ivhen ttie public 
realizes the situation. Another is liiMd iip^^ c^ 
! desuli^urization, gasification and liqufaiptifm, and 
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ic recovery from oil §hales and tar sancfi^ These take 
Dth thejdevdopinent of commercial technology aud 
iniich cajpiitaif^ ^ • 

, long term (post 2000) we have the 
ion of nuclear power. The abundance 
fOijl the fast breeder gives us potentially 
.iamplc^l^nergyf Obviously^^ rate at which nuclear 
t powef .cbilfics'ph the scene is dependent in the U.S. 
\ on ^iic'4H:feptance. lit should be pointed o^^bat 
^4his i^ef.'does not. exist in most foreign coimtries. 
. Ma^tWsfequencp, we may be buying foreign reactors 
^cyj^Oti^ 

V ^ :We must recognize and resolve the several very 
basic trade^^ofTs between environment, life styles, 



.personal freedoms, amenities^ international tensions, 
high energy cost and high cpst of goods, public 
health, personal income, and allocation of national 
resources - and perhaps others. The issue niay be as 
basic as national s^urity vs. social costs. 

For example, based' on my perceptions of *the 
alternates, I would very much rather accept the 
minimal risks of large scale nuclear power than the 
already evident risks of international tensions from 
foreign oil. These issues are so important, and the 
energy systems so pondejrous and slow to change, that 
our national planning must be based on a 
comprehenshrely developed long-range insight rather 
than a fickle public emotion and shor^-term political 
expediency. Let us hope it is. * 
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Student Activity :IHow much electricity do you use? 



L Make a list ol the electrical appliances in yout 
home. Do not fofg)et such items as electric furnace 
fans, light bulbs^ air. conditioners, kitchen appliances, 
hair driers, etc. . ' 



1 From the tatde below, write the annual 
kilowatt-hour (KWH);^onsumption beside each entry 
on your list. 



3. Add these for thd total annual kilowatt hour 

consumption for your v family. 

■ ^, 

4. Divide this total oy the number of persons in 
your family to arrive |t your per capita annual 
kilowatt hour conj^mptipn. 

Electrical Consumption fdr Some Common Home 

Appliances < 

Al^pliance 



M 

■V; 



Estimated Annual KWH 
V;Consumption 



Air Conditioner, Window 




940 


Bed blanket 




147 


Bi^oiler - " 


' -.1 


100 - 


Caxvii^g Kinife 




8 ' 


adck/ 




17 


Clothes Dryer 




993 


Coffee Maker 




166 


Deep Fat Fryer 






De humidifier 




377- 


Drill. Electric , 




65'. 


Dishwasher 




363 


Fan, Attic 




291 


Fan, circulating 




43 


Fan, furnace 




450 


Fail, window 




170 


Floor polisher * 




15 


Food blender ' r 




15 


Food freezer (15. cu.ft.) 




1,195 


Food freezer, frostless 






(15 cu.ft.) 




1,761 


Fo6d mixer 




13 


Food u^te disposer 




30 


Frying Pan 




186 


Grilf, sandwich 




33 • 


Hair dryer 




13. 



Heat lamp. 
Heat pump 
Heater, radiant 
Heating Pad 
Hot Plate 
Humidifier 
iron (hand) 
Iron (mangle). 
Light Biilbs 



13 

13 
176 

10 
-90 
163 
1 144' 
158 
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Oil burner or stoker 410 

Radio'' / . 86 

Radio-phonograph 109 

Range ■ * 1,175 

Refrigerator (13 cu.ft.) 728 
Refrigerator 

(12 cu.ft. frostless) 1,217 
Refrigerator-freezer 

(24 cu.ft. frostless) 1,828 

Roaster 205 

Saw . . 65 

Sewing Machine 205 

Shaver 18 

Sun Lamp 16 

Television (5 & W) ' 362 

Television (Color) 502 

Toaster 39 

Tooth brush. 5 . 

Vacuum Qcancr^ 46 

Wafflj^on 22 

Wlistun^^fmchine,^ 103 

Washing ifiachine, non-automatic , 76. 

Wa^cr Heater, standard * 4,219 v 

Water Pump 231 

■ . , •■ / ' ■ . 

If ybu know the amperage rating of ahy 

appliance, ,you ^can estimate the kilowatt hour 
consumption by using the formula 

KWH = Amp s X volts* x hours of use 

~ — " — 1000' — " 

*Use 1 10 or 220 volts, whichever applies. 
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CHAPTER 2 

MEETING THE DEMAND FOR ELECTRICAL ENERGY 



.1. The Generation of Electrical Ertergy 

Our idea of electricity is based largely on what 
it does and on its effects, rather than on what it 
is. We look upon electricity as something that makes 
light bulbs glow, or irons get hot^ or^j?efrigerators get 
cold. But what is electricity? 

Electricity - that is, an electric Qurrent - is. the 
flow of electrpns in 'a conductor. An electron is a yery,, 
very small negatively> charged subatomic particle. A 
conductor is a material which has free electrons that 
can be moved through it easily. Among the materials 
most familiar to us, metals are the best conductors 
of electricity. . 

The productipn of an electric current is fairly 
simple. All that is requfred is to make electrons run 
IhtDugh a conductor. A loop of wire, preferably 
copper ,wire, can be the conductor. This wire 
conductor is loaded with free electrons. Since these 
free electrons are negatively charged, they will react 
to a magnet. ; If the conductor wire is formed into 
a loop and the loop is moved through the magnetic 

• field which' exists between the north (N) and'south 
(S) poles of a magnet, an electric current^ will flow 
through the loop. Figure 5 shows a loop being pulled . 
from rigjit to left through the magneticfWd lines of 
force fdotted Hnes) which cause an electriic current 
(0 to flow in the clockwise direction shown by the 

. arrows. The free electrons actually flow in the" 
opposite direction from the electric current. 

If the conductor loop is spun belween the poles 
of the magnet, the electron^ in the loop will move 
back and forth within the loop. As the loop passes 
. back and forth through the magnetic field lines of 
force, the current is made to flow first in one 
direction and then in the reverse direction (Figure 
6). Current produced in this way is called alternating 
current (a.c.); the electrons, and therefore the 
current, are moving in alternating directions in the 
conductor. This is the kind of current we use when 
we plug something into an electrical outlet.' . * 

The largest electric power generator miakes 
electricity in the same way, by moving loops of 
conducting wire between the poles of magnets: Of 
course, a large plant uses miles and miles of wire in 
the* loops and enormous magnets, but t^e same 
principles are at work. 

The major difference in the many types of 
electrical generating plants is the method use4 to 
Aiove the conductor wires m the ma^etic, field. In 
most types of plants, some type of fuel such as coal, 
^ oil or uranium - is used as an energy source Xo make 
4 steam. This steam then pushes on the blades of a 
turbine to make the turbine spin. The conduetor 
loops are attached to the spinning turbine so th^t 



they spin between the poles of huge magnets. Any 
plant that uses steam to spin the turbine is called a 
steam generator, or steam electric station. 

• The hydroelectric station is different from the 
steam electric station, using falling water to make the 
turbine spin. Gas turbines use hot gases to spin the 
turbine, much like a jetengine. 

^ Thfus electricity is not in itself a source of 
energy, but is produced by our use of basic energy 
resources: fossil fuels, Jiydroelectric. power, nuclear 
power and other energy sources^ 

? . Figure 7,^shows^ the major United States steam 
generating centers as of 1970, by size andgeographico f 
distribution.' Figure 8 shows the projected st^Unt 
generating need for 1990. It should be noted that 
the major power expansion will occur in the eastern 
and far western sections of the nation. 

Z Pr^ny l^e^hods of Generating Electrical 
Energy • • . 

» . >. , . . " 

^ ' '■ ■ • ' 

The basic resources that provided energy for 

electrical generation in 1974, tfong, with the 

pq:centage ofelectricity produced for each resource, 

is shown in Table - 2. Table. 3 shows how the use of 

these resoilrcfis for electrical generation compared 

with their^use for all other purposes. 

.*Whyjcan't we just build more of these kinds 
of plants to satisfy our growing demands for 
electricity? ' ^ 

;^rAs far as hydroelectric stations are concerned, 
essentially all the economic dam^ites are already in 
^ use ' in^ the United States. Remaining new sites are 
in remote areas away from the electrical demand. 
Developing these sites would have potentially adverse 
effects on increasingly scarce wilderness areas. 
• Hydroelectric plants, unlike steam generating plants,- 
produce no waste heat, but the effect of high dams 
on fishery resources in many riycrs has generallybeen 
detrimental. 

Thus, the niajor expansion of electrical 
generating capabilities utiliiing current techj|blogy 
must involve fossil-fueled plants (those using coal, ^ 
and oil), and nuclear plants. These two alternatives 
are compared in detail in subsequent chapters of this 
text. . ' 

• ■ * ' * . 

Before this comparison it begun, however; a ^ 
look into .various other possibilities for electrical 
generation is in order. This discussion is included 
because coal, gas and oil are nonrenewable' natural 
resources. V(e will depletfe our supplies in the 
foreseeable future, and we must devel<yp improved 
ways to. extend and supplement these ^ natural 
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FIGURES . 

A loop being pulled through the magneUc field lines of force 
(dotted lines) which cause an electric current to flow. 
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1 gigowatt (GW) = 1 billion Watu 

. .FIGURE 7 




TABLE 

Electrical Production by Energy Resource^ in 1974 
■;V>;'^'* Coal '.'. .. . ' '45%- 
• Gas ' - • ■. ^ : 23% 



Oil . 

Hydroelectric 
Nuclear 

•i ' 

total' 



10% 
17% 

■•■^^%'- 
100% 



Other sources, su(;ii as solar energy ahd/geothermal energy, 
provide a minute amount of electricity at that time. 



TABLE 3 

Use of Energy Resources in 1974 



Resource 

Coal 
Gas 
Oil 

Hydroelectric 
Nuclear 

TOTAL 



For Electrical 
Generation 

11% 

■ 6% . 
. ■ ' 3% ■ 
. 4% 
1% 
'25% 



For all Other 
Purposes 

: 6% 

' 26%- 

' 43% 

- V ' 0 

- 75% 



Total 

17% 
32% 
46% 
4%.-- 

'l% 
100% 



' ' ^ TABLE 4 

Estimated Depletion of Economically Recoverable World Fuel Reserves 



Fuel • 

Mineable Coal 

Oil ' V 

Gas K 

Fissionable Uranium-235 
(High grade ore) 



Year 
2400 
2030 
2020 

2040 
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• resources, fiven our known reserves . of high-grade 
' r uranium ores are limited. Table 4 shows estimates * 
ii:7l^fwhen. various, fiiels will be depleted on the basis . 
of anticipated world-wide demands. It can be seen , 
fhat except for coal; these fuels will probably be 
expended within the lifetime of our children or 
grandchildren. * 

. 3: Alternative Methods of Power deduction 

• The 'following paragraphs describe; some new 
methods for the use of convention^ fuel sources, 
plans for ujp of new sources of energy ,-«nd new ways 
to storef^nergy for later use. Some of these 
alternatives are already in us^, while others* are still 
under investigation. Bear in mind that most of these 
ideas will require enomlous in^stmeirts in time and 
money tb become reliable^apd ecopomical sources of 
power. ^' • 

A. ' Power, from Fossil Fuels 

(1) Solvent Jfiefining of Coal 

A technique is being developed to purify coal. 
Pulverized raw coal is mixed with an aromatic solvent 
and reacted with hydrogen gas at high temperatures 
and pressures. This* dissolves the coal and separates ^ 
it from its^ash, sulfur, oxygen arid waiter. The solvent T 
is then removed^leaving a pitch-Itke product Idw jp 
sulfur and ash and with a heat content improved by ^ 
as much as 60 per cent. Thi^ proces^ will probably 
add significantly to the flnal cost of the cleaned coal. 

^ (2) Coal Liquification . ' * 

Processes are being developed to produce 
low-sulfur. and relatively high-heat value fuel oil from 
coal. Coal is reacted- with steam to produce a low 
cost gas with a high carbon monoxide coptent. 
Pulverized coal mixed with the oil product is react^d^, 
% with the gas and more steam at high temperatur^ 
arid pressures, producing oU, ash and nydrogen sulfide ' 
.gas; ' ■ ' - ■. ' ■ .... ' [' 

(3) Cod Gasification ' - 

Methods are being investigated for turning coal 
into a synthetic gas suitable as a substitute for natural 
gas. The basic process involves crushing ct>al to a 
powder, then heating this material in the presence 
of steam and oxygen. JThe gas produced is then 
refined to reduce the content of sulfur and other 
„ impurities- and to increase the. me^thane content, Also 
ynder investigation are methods of 'buiming coa^ in * 
situ, Jthat is, burning the coal while* it lemains 
underground, ^ to produce .gas. This eliminates the 
need '"'for pnysically recovering coal from areas 
T^ or iriippssible to mine.* 

e "oF the major pfoblem^ *of both coal 
iciition and coaJ'g^isification is thelarge amount 
w$ter«:used ^for the steam which the processes 
; ./require^ Unfortunately, in many of the areas where 




tKere are large coal supplies, there is a shortage of 
water. This ;*will cpmpUcate the large-<5calc 
.• development of these uses of coal. 

/? .(4) Magnetphydrodyhamics (MHOj 

. One advanced concept for improving the 
efficiency of generating electrical enwgy from fossil 
fuels is magnetohydrodyn^mics. In this cpncept, hot 

' flowing ionized gas is^ substituted for the rotating 
copper coils of the conventiqnal electric generacqfs. 

Gases from the hi^ temperature combustion of 
fossil fuels .are made*; electrically . coi;iductive by 
seeding with suitable chemieals* This electrically 
conducting gas then travels at high speed through a 
magnetic field to produce a flow of .direct purrent. 
The hot gases pan then.be used to fire a steam ttirbine 
generator, rnkkihg A^ overall - efficiency : of^ the 
composite systems as high as 60 per. cent, "one and 
one* half times that of a modern fo^ fuel plant. 
Though laboratory-scale MHD g^nefators are now 
operating, it is unlikely that large-scale electrical 
pro'duction frdm this, source will become practical 
before the end of this century. Although substantial 
problems remain to bie solved in; materials, 
engineering, , reliability, long-term durability and 
eniission controls, Mffl) is one of the more promising - 
concepts of electrical energy currently under study. 

(5) Internal Combustion Engines 

One approach which is becoming increasingly'' 
useful in helping to resolve short-term power shortages 

. is the use of internal combustion engineis in 
factory-assemble^d "ppc'kages. These are currently 
available in 40 ipega^tt units^whidi can be delivered 
and set up far m<|re quickly than any 6ther type of 
electrical generating systfms. It, is expected that 100 
megawatt units H^tl be availabld^^ by 1990. These 
systems burn expehliye, high quality fo^H fuek and 
produce less environnieritaljjoUution.'lRiey. are, used 
Iprimarily when the electrical demarid exceeds the 
capacity * of the chei^er electricity from turbine 

i/geneirators or as emwgency '-power sources clqse to 
centers of large' derriind. This approach represents an 
inefficient uifc of our fossil fuel reserves, 
r ^ f6) Fuel Cells 

" • ... ^ 

Developed initially for, 6n-board power for the 
Gemini and Apollo spacecraft, fuel cells are attracting 
attention from utilities as small units or backup 
power sources. In fuel cells, hydrogen, >\Wch can be 
produced from, just about any type of fossil hiel or. 
. the. decomposition of water, is chemically reacted 
with oxygen from the air to produce electricity. Done 
electrochemically, without havteg to go through the' 
inefficient corhbustion steps required by most other 
fossil-fueled electric&f generating apprpachesi this 
process allows conversion efTiciencief ^s t^fj|\ as 60 to * 
■70'pcrcertt,:.', '\ ■ ' • - 

' Fuel cells emit almost no air pollutants, require 
, no. cooling water, and operate quietly. They would 
be relatjiy^ly s^ and inconspicuous. 



, SmaU uYuts ( lis kilowatts) using natural gas 
as, their energy source are now being insMed in, 
single-family residences to supply the entire electrical 
heeds of the dwelling. Larger (10 megawatt) units 
have been huilt and* are being tested by various 
utilities. Power plants with electrical generating 
Capa^cities of lip to several hundred megawatts are 
envisioned for the 'ftrture. Such unit^ would" not 

* replace other powerrgeaeration sources but would 
rather supplement poWer systems, giving electric 

. utilities additional flexibility for providing the right 
anjiount of. power ydiere and when it is needecL 

i B. : Power from Renewable Natural Forces 

^ /fl) Solar Poyver ' ^ 

(aX. The rgial Conversion Systems 

Thermal conversion systems would involve an 
extensive array of steel pipes 'coated with materials 
heated^^by the .sun*s rays. In one concept nitrogen 
flowing: through the pipes would gather the heat and 
; transport it to tanks of molten salt. Theiinolten salt 
y can be heated to a temperature about 1,000 
degrees Fahrenheit for production of Steam, which 
would power conventional' turbiites at a projected 
efficiency of about 30 per cent. The area required to 
supply ener^ to a 1 ,000«megawatt power plant 
would be about 10 square miles of collection sunace, 
plus a ^00,000 gallon reservoir of molten salt. Some- 
type^of energy storage would be necessary for nights 
and cloudy days. Unfortunately, technology has not 
yet produced practical -Energy storage .systems. 
* . Cunent batteries are impractical because of their hi^ 
cost and low efficiency. ' 

t)n a smaller scale, solar energy collector cells 
are presently available for family nome-heating. 

' ! (b) Direct Converisipn Systeins 

Direct, conversion devices cap produci? 
electricity . from solar radiant energy. 'jDne direct 
conversion scheme is the launchinig of a 
satellite-mounted anay of solar cells In syn^luonous - 
orbit, which would permanently place the cells ovef 
a preselected position oh tiie earth's surface^ Radiant 
energy, would bexonverted into direct current,* which 
in turn would- be fconverted 6lectrb|ucally into 
^ microwave energy. Migrowave l^nergy would be 
T^beamed to huge antennas located on the- earth's 
- Surface beneath^ the satellite. The -energy could then 
be converted jto alternating current. At the present 
stage of development, direct conversion devices are 
prohibitWely^ expensive and not very efficient. The 
ntiximum efficiency of silicon cells so. far achieved 
: > is about 16 per cent To jneet New' York CiYy's 

# pi'esent poWer needs would requireva25-5quare hiile, 
solar collector panel and a 36-square niile receivirig 
antenna on earth. Obviously, the initial tost of such 
a solar generating station would be much hfehcr than 
that- of present sta'iions.y - 

.; Another use of direct conversion devices vAitn 
they become mor^ efficient and less expensive would 



be to locate them on the roofs of ^buildings to supply ^ 
a portion pf the electrical needs of the buildiiigs, 
especially that required ta drive air, conditioning 
systems on hot days. * 

■ • fix 

'(c) Solar Sea Pbwer^ 

Proposed initially by the French physicist 
Jacques O'Arsonval in 1881, solar sea power has 
recently reeved fenewed interest. The concept 
involves the lise of temperatUrer/dtf^^ between 
sun-heated surfaces and colder winter deep uiider the 
sufface to power heat engines. Vast areai of tropical 
waters offer a tremendous source ^K)f essentially 
poUution^free energy. Since the water retains the heat 
of the sun, such plants, unlike other types of solar 
plants, could operate at night and during cloudy - 
periods.; >- ' 

... ■ , ' ' //• . ■ . 

The technology for such plants has y€t to be^ 
developed, but they are envisioned to be large, 
extending a half milie or more under the water to 
reach the deep cold water. Since ^e temperature 
difference between this cold water and the surface , 
waters is only in the range of 35 degrees Fahrenheit, 
such a poorer plant would have a themial efficieijcy 
less than one-tenth of the efficiency of a 
conventional, modern fossil-fueled plant. This woufd 
necessitate the pu^nping of an ehonnou^ amount of . 
water through the hea;t engine per kilowatt hour of 
electricity produced. The final /i^roblem with this 
approach.is that the tropical areas where such plants 
can be set up are far from mo^t of the places- v^ere 
theT electricity is needed. 

(2) ' Geothermal J^wer 

Power plants using hot water or steam that is 
stored in the earth from volcanic activity have been 
in operation in Italy since the turn of the centmy. 
Sources of geothermal ^energy arc cunently under; 
development in this coijntry ind ^New Zealand 
Geysers in California presently pfoidulK^ electricity in 
the United States. 

. ', 1' ■ . ' ' ■ ■ i' •■ • 

y * 4n. a few places natural steam is available. €n 
^ many j)laces, hot watef^ cari be ^pped as a usable 
. erifrgy sotjice. AB^^^lhere are areas of intensely hot 
underground rpck;:tn5lN»n be used by fracturing the 
ti^k and forcing cold W^ler down to it. TKe Keated 
TOteif .caS* be r^tiflrhed rh ; the surface to produce 
,$f^m pQwer. 

■ >^ ^ seeming sdmplicity, however, 

. geothermary^Jd^ 

hot water is;c6itosive and turbines must be operated . 
* ^t low efficiencies (10 to 15 per cent) bciqause of ' 
the relatively low stean! temperatures available. The 
^ salt^JwateV ftof^ wells can become^a pollutant, 
and^ there is ' ofteii a^ antmbnia ,and V 

hydrogen sulfide iiitp the atmosphere, tli^re'also 
exists th^ possibiUty* of. land subsidence and an 
• increase in seismie a^^fy:^^^^ ' 

Total exfdoitSt^il^o^ the country's known 
geothermal resources Voidffanibunt to less than one 
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per eent (^Hh^tojectefl consiamption of electricity 
by the year 2000. So this energy source presents no 
significant solution to long-rmge. energy problems. 

(3) 0Tm /few V * 

^ Tidal power uses the energy of tides, which, 
reverse *rection four times a day^ Power plants can 
be locate?!^ only where a large tidal flow and head 
exist i^ a bay or estuary wWch can be dammed. The 
ttasin is allowed to alternatively fill and empty, the 
water being routed through reversible hydraulic 
turbmes. Total exploitable tidal energy resources 
amount to less than one per .cent of the projected 
United States electrical cohsuAptibn by the year 

(4) Wind Power 

Propeller-driven generators can convert the 
wind's energy into electricity with an efficiency of 
approximately 70 per cent. Like water power, wind 
power has the advantage of producing no pollution 
and no waste^Jieat. ' 

} It ^ erivftioned that ^ch generators would be 
i located some 20 miles offshore on oceans or the 
Great Lakes where Jbey ^ould catch the strong 
prevailing winds. Because^jthe wind is so variable, the 
success otwind power will depend on improvements 
m metjiiiods of energy storage. 

C. Fusion Power 

The most probable long-range resolution to the 
dilemma of dwindling fuel is fusion^ the process 
• which powers the stars. In fusion, two li^t nuclei 
are united tq form a heavier nucleus, thereby 
releasing energy. The fusion reaction will use the 
J^eavywolopes of hydrogen known as deuterium and 
tritiunr. Deuterium can be economically separated 
from sea water, and tritiuiii can be obtained in a > 
nuclear reaction involving lithium. Fusion is expect-^ 
ed to prodilce amounts of 'long4ived radioactive 
waste that are insignificant compared with current 
fission reactors. So here may be the ultimate fuel- 
cheap, clean, abundant and avajlabl^ to all. ' 

To make controlled /usion work, one must heat 
an electrified gas called a plasma to temperatures on 
the order of 300 million degrees cjnt^de, hotter 
than the interior of the sun. This gas must then be 
xontained^in some way so that it does not touch the 
waDs of tfie^Vcssel 'and held in this condition until an 
adequate htiM)er(ifJu 

/ One approach is to confine a fusion plasma ^ 
with the lise of specially shaped magnetic fields which 
conUol the motions of tfie plasma. However, when 
attempts w^e made 16 apply this tichhique, 
sppntane OUST turbulence and unstable plasma 
osdllatipns significantly we^ericd the confinirt'g 
effect of the magnetic fields in early experiments. ^ 
After riiany years of intensive theoretical and 



experimental research, the plasma.instability problem 
was broughf under reasonable control by the late 
1960's. In fact, there is enough understartding of 
instabilities and means f6r their cbntrof to permit 
experiments in confining^ the plasma and to renew 
^optimism . for the successful development of 
: : coihmercial fusion power, ' ^v : ; . - > . • • 

In current fusion experimentSy^nore energy (s 
• expended than rcicovered. Plants arc >boW being 
considered to demonstate break-even fusion power 
generation under reactor conditions, in which the 
energy recovered will equal the eneifey expended' 
This accomplishment, if achieved, .will h6 a maj6r 
national achievement and a majofsti^p toward a U^. 
commercial fusion power capability. 
■ V:^" ' / :V : V ^ 

Another potentially feasible approach is the use 
of hi^-powered^lasers to initiate and confine fusion 
reactions. Here the concept. is ^to bombard imall 
pellets of frozen dueterium and tritium with many 
Tiigh-powered laser beams aimed from different* 
directions, instantaiieously heating .the pellets to 
ignite fusion and at -the, sanie time containing the 
^atoms in the pellets^ in the converging beams long 
enough to obtain useful output of power. Lasers big 
enough to test the feasibility of this concept are just 
becoming available. The technical problems 
concerned with either fusion concept areVimmcnse, 
probably putting the time of the fint commercial 
fusion power plants into the next century. 

i ■ • 

D. Power from Garbage ^id Organic Wastes 

The same process for coal liqiiification can be 
used with garbage and organic wastes substituted for 
the coal. It produces a 20 to 30 per cent yield of qil, 
based on the weight of the dried raw material. The 
direct incineration of municipal garbage as fuel is 
already being accomplished. 

E. Power from StorM Energy 

The demand for electricity varies considerably 
from season to season, day to day, and even hour 
to hour,, but electricity ^patuiot be generated and 
stored for the peak times, it must be consumed as 
,it is\gene/atcd. Thusithe generating capacity of a 
systciri must be geared to meeting peak demand; 
there are periods of time, especially du^g the nigbt 
and wfeekends, when mu^ of the generating capacity 
is not being used. Methods are beSig sought to make 
greater use of this idle capacity by energy storage, 
^to^age. 

(If Pumped Storage ; 
^ ■ ■■' ■ ■ ,. ■ ■ , ■ 

As mentioned befote» hydit»ele!^tric plants ai^ 
useful sources of power, but nxMt dtes on which 
hydroelectric plants can b^* built havp. already been 
exploited. In the pumped storage concetti, electricity ' 
^is used to pump water to high rescrVoirt during 
pi^Qds of low electrical demand Then, during peak 
demand, the stored wter is released tp turn hydraulic 
turbines to produce the additional power ; needed ' 



While such systems jnake .better, use of power 
plant equipment, losses in the process amount to 
about 33 per cent. That is, for every three kilowatts 
used to pump the water to the reservoir, only two 
kilowatts are later recovered. 

. This type bf facQity is particularly well-suited 
for large communities . with a concentration of 
industry an^ a heavy, but widely varying, demand 
for power. Suitable sites for this type of fluxuating 
winter storage are limited, and this concept is nieeting 
increasing opposition from environmentalists, be- 
cause it involves the flooding of large areas with the 
stored water! i^- ^ 

f(2) Compressed Air Stqrage 

AAother method of storing reserve enejrgy is by 
compressing air in large under^ound caverns: Unlike 
watet, air can be stored almost anywhere that Jirm 
rock exists underground. A small water reserved is* 
necessary to maintain constant air pressure, and the 
air system is used only in conjunction with gas 
turbine generators. Off-peak electricity is used to run 
a large air compressor, which compresses air to about 
40 atmospheres, about 1,500 feet underground. This 
air is later released to run the gas turbine. The overall 
effectiveness of an air system is better than pumped 
water storage, with losses amounting to about 25 per 
J cent, or fthree kilowatts recovered for every ffcir used 
to Mstore the. air. . 

(3) Hydrogen Fuel Economy 

A proposed approach which is gaining more 
advocates is the use of liydrogen gas as a fuel. Unlike 
fossil fuels, hydrogen would not be a primary source 
of energy, since it is not found in any significant 
quantity in nature in it^ unreacted form. But it cotild 
be a carrier of energy with vast flexibility. 

Hydrogen is virtually an ideal fuel, since it 
bums in air to form non-polluting water vapor. The 
only possible* poUutanti are the nitrogen oxides 
formed from the compoheiits of air. IfU b bumedin 
pure oxygen, even tltis potfutant is eliminated. 

Hydrogen would be easily transported in 
.existing natural gas lines and readily stored near 
^ere it is needed' for power generation. Actually,, 
for the long-distance transmission of energy, it would 
be more efficient to transmit hydrogen gas than to 
transmit electricity over power lines, where there are 
linfe losses.* 

It »is envisioiieci that large coastal power plants, 
such ^ as nuclear or solar, would use their exce^ 
capacity to electrolyze water, producing oxygen ind 
hydrogen gases. The efficiency of these electrolyzers 
would be 60 to 70 per cent. The large plants could, 
therefore, operate cpntinually at 100 per cent of their 
installed capacity, and the hydrogen (and, if needed, 
the oxygen) would then be piped .to terminals and 
dispersed throughout the^bcal areas, where it would 
be stored until needed. The gas.wpiUd then be burned 
in efficient combustion turbines or in even moite 
efficient fuel'cells. ** * 
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BASED ON .GRAPHICAL SCHEME BY EARL COOk, TEXAS A & M 
UNIVERSITY. RELATIVE VERTICAL SCALE IS BASED ON A 1972 STUDY 
BY THE US OFFICE OE SCIENCE AND TECHNOLOGY OF ENERGY 
CONSUMPTION. i ' 



READING ELECTRICMETERS 



Thj purpose of this meter reading information 
is to provide "^students an opportunity to practice 
conservation and see the results, to develop the 
ability to, read accurately electric meters, and to 
develop in the student a desire m conseiye energy. 

The student exercise is designed as a two-week 
activity involving three meter readings. The teapher 
may wish to have the* meters read each day at the 
same time for more practice, accuracy, and as a 
means of comparing daily consumptions. (How does 
- a weekday compare to a Sunday? Why?) 

The teacher may wish to contact the local power 
company to see if the school could obtain a used 
meter for demonstrations. 

* ' ■•■ ' ' \' 
On some wall* of your hooie-rbasement, garage, 

or mod often outside-ypu will find an intricate 

glass-enclosed device. If you are like most people, you 

seldom pay any attention to it." Uot do you need 

n»tp, for modem electric meters perform their job so 

^-"^urately and reliably that you need never be 

publed. But, every month or so, a man from your 

Dtric utility company comes to see it, and later 

you are billed for the exact amount of electricity 

used. ' . * 

\ 

Meters Measure Electricity. Through your meter's 
glass enclosure, you can see a revolving aluminum 
disk and a series of dials and pointeVs, or digital" 
numbers. •Without explanation, they don't make 
much tense, but they are really qjiite 'simple. 

. The. amount of electricity^ou use determines 
the speed at which the disIT moves. The more 
electricity you use, the faster it ' turns. Each 
revolution represents a portion of an electric energy 
unit called watt-jl||cuir.. This watt-hour measurement 
is transferred frorh the disk through a series of gears 
to the digital numbers or/pointers on the dials. 

^J|t^^' What Is A Watt-hour? EVery hour a.lOO-watt 
fight bulb burns, it uses lOO^tt-hours of etectric 
eAergy. Since a watt-4icftjr is such a small unit of 
^nerop^^our electric utility company uses a unit 
equal to 1,000 watt-hours-a kilowatt-hour-tb 
measure the amount of electricity used. ' 



What Makes Your Meter Disk Turn? There are^^^o 
sets of connections which cause your mefer- to 
register: (1) the amount of cuitent flqwjng into your 
house, and (2) the pressure or voltage at which the 
current is flowing. 

ElectriQ current is like water flowing through a 
pipe. The rate of flow of electrons through a line 
is measured in amperes. Pressure is the force that 
pushes electric current through the lines, measured 
in volts. To determine the electrical power (watts) 
. used, multiply ampei^ to current by volts of 
pressure. Your electric bill is stated in watt-hours. 

Ck>ck*Like Meter Accuracy. Friction inside the meter 
is all but elimiiiated with the - use of a 
magnetic-suspension system vAddti uses a magnetic 
field to float the disk and its- shaft in air. To help 
maintain accuracy provided by magnetic suspension 
and other design features, the meter is sealed with 
filters which keep its interior free of dust and other 
contaminants that can cause 'inaccurate meter 
registration. 

. Your Meter-A Small Motor. Your meter is basically 
a small induction motor ruh by magnetic forces 
created by electricity in a set of coils. The vohage 
coil is a winding of wire corrected to. the po.wer<^ 
supply lines. The current coil is a winding of wire 
connected with the household wiring. When current 
passes throu^ these coils, die disk is forced to turn 
at a speed exactly proportional to the number of 
watts (amps x volts) of electrical power being iised- 

Meter Pfogress To Meet Your Needs.. Meters have 
changed a grea| deal in the last 20 years. They have 
had to. Television, electric heating, more li^ts, 
freezers, air conditioners, water heaters, and other 
new appliances have more thap quiidrupled the 
average family's consumption of ele'ctric power. 
Twenty years ago a meter rtited at 600 wat^s was 
enough to meet average household requirements. 
Today's meters are capable of handling up to 48,000 
watts. • ' % 

How To Read Your Kllowatt41our . Meter. The 
kilowatt-hour meter is an instrument used to measure 
electrical energy ccmsumed by a customer. « 



Two types of meters used by the power. companies ^re the digital- and dial-type meters. The digital meter is 
read directly from left to right as shown in Figure L Readings on some digital meters aire obtained by multiplying by. 
10. ' ^ . . ■ 



8 



= 8,290 kwh 



0 8 2 9 0 \ = 9,290 kwh 

0 8 2 9 X 10 = 8,^9a kwh 



HGURE I 
Digital Kilowatt-Hour Meters 



Most meters have four or five dials. (See Figure II, page .) The figures above each of the dial$ indicate 
the number 'of kilowatt-hotirs (kwh) registered by the meter during tlft time that the hand on that dial made 
one complete revolution. So, when the hand on the right^iand dial has, passed from one figure to the next, 
1/10 of 10 kwh, or 1 kwh, has been used. 

Be sqre to read tjjenr^eter "backwards"-txom right to left-and remertl^er to read the smaller of the two 
numbers between wHch the pointer on _the dial is standing. ' This Is very important. ' , 

Note that the pointers &f the 10 and 1,000 dials rotajte clockwise, and counterclockwise on the 100 and 
10,000 dials. . * , . . ^ 

Dl^^g the time that the pointer on any one dial is making a complete revolution from 0 to 0. the pointer 
Qn the hext dial to the left will pass from one figure to the next. Therefore, although* a pointer on one dial 
may appear to have arrived on a given figure, .that figure should not be read un{«ss the pointer on the dial 
to the right has reached or passed 0. . 

For example, in Figure 11, the pointer on the 1,000 dial looks as if it is«on the 5, but yow should read 
that dial "4" because the pointer on thje 100 dial, to the right, has not made a complete revolution to O/The 
correct reading is shown under the dials. ' . ' 
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HGURE ft . ' -V :. 
Dial Kflowatt-Hour Meters 
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Kilowatt>Kour Record 
(Student Activity Sheet) 



Read your kilowatt-hour meter at home and 
record the reading. * ' 



Read 1 week later and record the reading 

Subtract B from A to determine kwh used 
during the 1st week of your experiment. 



During the 2nd week, encourage your family 
to conserve all the electricity .po5sibIe. 
At the end^of your 2nd week, again .read 
the meter and record. 



Subtract D from B to determine Kwh used 
during the 2nd week of your experiment. 



Subtract E from C to determine how much- 
electric energy your family saved over. the ' 
previous week. 



r Were you successful or did y6u use more electricity? 
2. If you used more, can you explain why? 



B. 



C. 



D. 



E. 



F. 



3. Why w6uld someone with an electrically-heated home have to consider the temperature during the 2 week 



4. Dst all the energy-saving steps your family took. 

/ 



4' 



43 . 



38 



ADVANCED METHODS OF POWER 
GENERATION IN THE EIGHTIES 

L. G. Hauser^ P.E. 

Introduction * * 
• * « 

Starting with George Westinghbuse and his now 
famous alternating current power system, inventors 
and engineers have continuously^ advanced the 
technology of electric power generation. Progpcss has 
been rapid and effective. The large, efficient steam 
turbine generators of today are indeed monuments 
to engineering ingenuity and dedication: 

Obviously, engineering progress will not end 
with today V designs What, then, might electric 
power, generation of the 1980's be like? Will ste?im 
still , be the > basic working fluid? Will/ solid state 
generators become the workhorse of electric utilities?/ 
Or has the technology reached the. limit justified' 
. econbmically? Thesei are only samples of the many 
questions that face the long range utility planner 
^tpday. '. This paper will present one author's 
assessment of power generation in the 80's - which, 
from a commitment date, begins just 5 ye^rs from^ 
now. : , 



FORECAST 
1970-1990 



OF N^W CAPACITY REQUIRED 



'* ft is common knowledge that the Electric 
Utility .Industry has been growing: at a rate which 
doubles its capia'city every ten years.. This annual 
growth-rate in the seventies' is expected to be slightly 
more than 7 per cent per year tapering off to a 
growth rate vci the latter part of the 1980's of 
approximately '6/ per cent- per year. 

1970 ys ms REQUIRED GENERATION 




Figure tl shows graphically >^^t t^s means in 
required generation capacity. At the beginning of 
1970 the installed capacity was sliditly in excess of 
300 gigawatts,(a gigawatt i^lOOO MW or 1 million 
KW). The outer circle in Figure 1 is drawn graphically 
to show that the planned and expected additions in 
the next twenty years will be equal to 1,070 
gigawatts, OF roughly three times the capaci]^ in 
existence at the beginning of 1970. These addi^ons 
•are bas©d oh the growth rates mentioned-above pltis. 
an installed reserve capacity of 20 per cent the 
annual peak load. « 

C GENERATION AODITfoNS BY TYPE OF DUTY 

^S^YCLE , \ [')^-:'-. \ 

In years past th^. genci^/^^^ utilities 
has been to add new gen"eratl!ng.'jcap<acity in the form 
of base load unifS*ib their ' system, and to 
^ relegatetthe older units to a lesser duty cycle. This 
* made efcenomic sense.;, since new- base load plants " 
were obtainable in ever increasing .unit sizes, at 
ever indireasing efficiyicies. Thus, the new plant,' 
V - which wouU be the most efficient, would operate 
at base jloaa and the less efficient plants would 
operate lon» cycling or standby service. 

The significant change has occurred in this 
pattern and this change will cpntiniie throughout the 
next, twenty years. That is^jiew, large, efficient base 
load iinits fboilers and turbihes) which have recently 
been addea to the systems, are not desirable units 
to operate in cycling, loatf-following types of service. 
Thus, 9S neW'base Ipad units are, ^ded to utility 
systems, utilities can no longer place.''their present 

. day base load units into a lesser duty cycle operation 
•because- they are not suitable, technically, or 

^ economically^ for pperatibn. in a cycling .mode. 

^Therefore, the 1,070 gigawatts of new additions 
' ypU ^be conripbsed of three different types^ or 
generation capacity. .The- tirst is the normal, large, 
efficient units known a^base ^oad unitsi 
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The second is intermediate generation capacity 
which operates, as shown in Figure 2, on the 
iannual load duration curve, at 20 to SO p^r cent 
load factor. 



per 
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This intermediate type of generation normally 
has the following characteristics: 



b. 
c. 
. d. 
e. 



Unit size - 200 to 600 MW 
Relatively lovf capital costs 
Designed fojr daaly*. jrtarjjup 
Ca^^ble^FjC^pi]! load. c£|^nge 
Designed for hot-slandl)5^ operation 



The thir^ type. >pf generatfw capacity is the 
peaking and s^ndby jes^rv^c^generation which is 
identified on tf« upper porti'^in of the annual load 
duration ciirve in^pg;pife> 2. 

ANNUAL LOAb DURATION CURVE 




INTERMEDIATE , 



0 



BA^E LOAD G^NEitATIDN 



HOURS/YR 



P'lgavG 3 shows the distribution of thd "J^OTO v 
gigawatts to the three types of generati<Jri. 
WestingKouse' expects base load generation additions 
to approximate SOO' gigawatts; intermediate 
generation, 400 gigawatts; and peaking generation, 
170 gigawatts. ' r 

It is '4^rable to have this basic understanding 
in the growth of generation requirements by types ^ 
of generation before an assessment of future methods 
of power generation is made. 

1170-1990 OCNINATION AOMTNMS 
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CONVENTIONAL GENERATION 

The traditional systems of power generation 
have three b2isic;.steps as shown in Figure 4. 
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The first step is to convert fuel to h^at, th*'** 
second is to convert th« heat to mech^cal energy 
and the third step is to convert the mechanical energy:, 
to electricity. This traditional system dQscribes:*>Yh'at 
happens in the boiler steam turbine-generator s><sjtern 
and also in the gas turbine-generator system. . / 

DIRECT CONVERSION GENERATION 

* A new type of generation which jnay find an 
application jn electric utHity use is known as direct 
conversion/This type has' only two steps; in the first 
step the fuel is converted to heat, and in the second 
step the heat ii converted directly to electricity. 
Types of direct conversion generation include fuel 
cells, MHP, thermionic conversion ;and;. 
thetmoele^ilib generation. None of these systeqfis iv^ 
in 'Use todky; for bulk power generation in the electric^: 
utility industry. ' /:- rV* 

Now with the amount of new capacify requircd"'- 
during ti^e next twenty years determined,' iii&-iype\^ 
of duty cycle this capacity must satisfy identified, 
the different steps that are involved in* conventional 
and direct conversion generation defined, it is logical 
to proceed to examine each of these steps for 
potential advancers in power generation. 

STEP ONE - FUEL TO HEAT. 

Preseritly there . are four fuels utilized to 
generate kilowatt hours^ namely, oil (\2%\ gas 
(28%), coal (58%) and nuclear (2%). However, by 
1980 coal and nuclear fuel will iwply 75, per cent 
of the kilowatt hours-generatedilWierefore, we will 
piJy consider advanced methods of generation that 
could be utilized in the conversion of coal orouclear 
fuel to electricity. V * 

TABLE 1 

U3: Coal Consumption 
(Millions of Tons) , . 



1^ 



1969 1980(Est.) 



Total U.S. 

Electric Utility Industry 
•E.U. % of U.S. .Total 



595 
325 
54.5% 



793 
508 
64% 
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. Table 1. shows a recent projection of U.S' coal 
consuniDtion. In 1970 the total consumption in the 
U.S. w^s ^95 million tons. Consumptiori is expected 
to increase to 793 million tons in 1980. Most of this 
increase, as i$ ' shown in the table, occurs in the 
electric utility segment of the coal market. A$> result, 
the electric utility share of the total coal 
consumption iricreases to 64 per cent by 1980. 

The "present method of utilizing, coal is in the 
very efficierit«team boilers used by electric utilities 
today. These boilers approach 90 per cent efficiency 
which means tb^t this is riot a very fruitful area for 
additional "research and development effort to 
produce significant* improvements in efficiency. 

However, therej is a new type of Boifer, knovsm 
as the fluidized bed boiler, now under development 
which has the significant potential advantage of much 
smaller physical size. If this system of confbustion 
is utilized at relatively high furnace pressures, such 
as 10 atmospheres, it is expected that boilers will be 
greatly reduced iri size. For example, a 300 megawatt 
"boiler could conceivably ^e transported on one 
railroad flatcar. In this type of combustion the heat 
.transfer surface, ; or boiler tubes, are immersed 

^dire^ly in the pressurized, fluidized^ combustion 
^on^ It is expe(^ed that heat transfer coefficients 

' would be m^kedly improved and required 
furnace volume significantly reduced. 

The United . Kingdom has performed 
considerable developnient ^y6rk on this type of 
boiler, and interest in tl^e U.S. has recently increased 
because of reduced air pollution (SO2 control) and ^ 
potential cost savings that this system gromises.' 

The other base load fuel, that is, nSlear fuet, 
presents an entirely different picture. The present 
light water nuclear reactor utilizes less than one per 
cent of the energy in uranium fuel. In other words, 
it has an equivalent combustion efficiency of less 
than one per cent. Therefore, new reactor systems 
need to he developed to increase this combustion 
efficiency. And this is exactly where the research and 
development effort is currently being expended. The 
type of system that is being developed in this country 
is known as the liquid metal fast breeder reactor or 
LMFBR. Westinghouse, in cooperation with eljctrfc 
utilities and the AEC, has, ^an extensive. ^6gri»n 'p 
underway at the Advanced Reactors Division, located-' ~ 
jjLt Waltz Mill, to develop a liquid sodiuni fft^t breeder 
reactor. . .. v; ■ c . ' 
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Figure 5 shows i schematic ofVsa typical fast 
breeder plant with^ the priinary sodium loop. /the 
intermedijtfcsodium Idop, and the final ^team loop 
with IOOOt, 2400; psig steam. Thp significant 
difference between this and the present li^t water 
rcactbr in the utilization of the energy in uranium 
is apprawmately 80 to 1. In other words, this system 
will hfive an equivalent cor^bustion efficiency 
apprg/ching 80 per cent versus the light water reactor 
combustion efficiency of less than one per cent. 
Obviously, the development pf the breeder reactor 
is of long range importance to this nation and .it is 
a development vfech the economics of energy 
resources will encourage this nation to make. 

STEP TWO,- HEAT TO MECHANICAL|ENERGY 

The overall plant effiSfScy; of a steam turbine 
plant is comparatively low in terms of absolute 
numbers. For example, a fossil burning, modem 
st€am plant at 40 per cent overall efficiency would 
be about the beit that can be dorrt with present day ' 
technology and economics. This would be a 
supercritical," 3500 psi, single-reheat machine, 
operating 9t 1000^^. The reason for this, of course, 
is that the steam turbine is a h^at engine and 
consequently must follow Camot's Law. One oir two 
more points in efficiency could be obtained if the 
unit were designed for 5000 psi, with double reheat 
to 1056"^, ^}Ul^. very seldom is such a design 
econpiAcally justifijed... 

'.^v TiiusVit.^- is appateaf: that, sigrtifiqimt gSins.in 
steams tvfbioe plant* ^fficipnCy . ar^-^?\bt expected in . 
the rteai: fiiiure; Oii^ the ot^er hand; perhaps reduced 
capitai.tost^r Could be ofc with different cycle 
anangflinwots^;\At toW pressures, ste^m occupies 
t tremendous volumes^ A fluid which has much higher 
density .pfer*;^iri5i volume might , be preferable in 
turbine desigrt, Such a fluid cpuld be^mmonia or* 
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' >.;W;.4^gur?^^'8jia^ .a ^hirtiatic design of a binary 
cycle; TitiHzipg/'&tea^^^ high pressure and 

ten^ratUR^ ammonia in the 

Iqw^ tempwaitate^ "pkr^ th^j, cycle. The steam 
generator w^uld); be': aTOifv^ntidiia} boiler, fossil fired, 
producing ;;jtOQp5^^^^ : stfeii^ f6r a conventional 

*■ high-prcssuTC: itcain V^bine.^ -At .the crossover point 

; in the.tto^jneV^t ;atip 
would exhaust ;ihto a >tearQ'cc^^ than 
going 46 low pressure, steam The cooling 

fluid in visi stean! cpf\deh^eti:cHatd.be ammonia. The 



heat that the amnfonia takes from the exl^ti^r^^lipiii^^^ 
^ would then be utilized a& a source of erie|^::ti;^;4i&e ; 
an ammonia turbine on the same sh^ftt vmh^the 14^ 
steam turbine. The exhaust froni the an[mi6nia-' 
turbine would then g(f through an ammonia. ^ 
: coRi^enser with cooling water as the heat sink at the 
bottom: end of this thermal cycle..; 
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the advantages of a binary c>^le are illustrated 
in Figure 7. A small ammonia turbine could replace 
a large, four flow, low pressure, steam turbine. This 
-would lower turbine capital costs in the overall plant, 
but Jnay increase the heat rate and fuel costs. Recent 
economic evaluations of this system have indicated 
that the cost and efficiency of a binary cycle is a 
standoff with a conventional steam cycle. However, ; 
as units become larger and larger, with larger and 
larger low pressure ends, it is possible that in the 
fiiture^ binary cycles will be more economical than 
conventional cycles. 

A; second area for examination -is the gas 
turbine which, in essence, combines two energy 
conversion steps in one machine. It converts fuel tp 
heat and heat to mechanical energy in tiiie same piece 
of equipment. Compared to a steam turbine plant, 
the present simple cycle gas turbine is relatively 
inefficient. But the gas turbine also is a heat engine 
subject to Camot's Law^and therein lies the secret 
for improved gas turbine efficiencies: By increasing 
the turbine inlet temperature, significantly higher 
efficiencies and resuUing hi^er outputs can be 
obtained from the gas turbine. , 

TABLE 2 



Effec*'of Inlet Tempj^^ture on Gas Turbine Output - y 1 
Turbine Inlet Temp. T KW/Ib)!5ec of Air Flow^ 



1600 
2000 
2400 
§000 



90 
125 
160 
210 



Table 2 shows the rapid^increase in output for 
a given frame size of turbine: versus the' turbine inlet 



temperature. New mpdek currently iri.'ptoduction 
will operate at temperatures slightly less than 2000 JF. . 
By increasing this another 1000 degrees, we can 
almost double the output of the gas turbine. 
Extensive research and development is currently 
being expended on materials and blade cooling methods * 
s^^ that the turbine inlet temperature can ^.be 
ihcre^ised. . • 
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V* V Ohe of tKfeHcasons for the low efficiency of 
the simple, cycle gas turbine is that the temperatuic^ 
of the exhaust gas is still relatively high resulting in 
a high fraction of the total heat input rejected to 
the atmosphere. Therefore, cpmiing the gas turbine 
with a steam turbine would seern to be a logical 
course to follow tb recover this heat. Westinghouse 
•recently -announced, the PACE plant, which is a 250 
megawatt combined cycle gas turbine, steam turbine 



DIRECt iioNVERSION - HEAT TO ELECTRICITY 

One of the most promising, methods of power 
generation by direct conVfersion is the' fuel eell.>.i^uel 
cell power plants could have several aiv^antages; 
medium high efficiency, essentially no coplirtgiwater 
requiremejit, 'minimum air pollution, .and 
compactness. The efficiency and cell costs pei[ unit • 
of power do not vary appreciably with total plant 
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power plant. The exhaust gases from the gas turbine 
, >^ich are at approximateiy 100Cf*F are passed 
. through a heat recovery boiler, with some post firing, * 
to make 9501^ steam for a steam turbine generator 
^set. Figure 8 shows a ^future combined cycle plant 
utilizing a 3000 degree gas turbine and a 1000 deg^i^V 
steam turbine. The output of this plant would -iitf 
775 megawatts. The^overal}^ efficiency wpuld be 54 
per c^nt compared to y(e current steanSpfplant rate 
of 40 per cent.* *| ' -' V : 

Figure 9' shows artother ; cpft^ for an * 
- \'Bdvanced coal 1)UKiing power plkntv- IflDmis cise the 
'.God is psified iii a^^fl^^ then 

• the'gai^ Js' fed to gas turbines in a combined cycle 
configuration with an air cooled steam condenser. 
The expected heat rate ort this plant inight be 9000 ^ 
BTU per kilowatt hour with an installed cost^of $1 50 
per KW. Present technology wilh allow this p^t to 
be built with a capacity of 250 NfW, itN^oukl bum 
coal and would meet the most strincent air pollution 
regulations contemplated. The niajoi. developniental ' 
effort required" is in the area of gasification 
technology. Several companies ate instigating new; 

• methods of coal gasification ahd'technibd' progr< 
seems assured/ ' \ 



capacity. This allows the sizing of the plants to meet 
the optimum generation requirements withoiit the 
necessity of considering the effect of scale econbnv^ 
The secoad^mpst impprta^t^t^int; to consider is thaV 
iU^should be inle^q utilize an abundant 
fuel. : This "requi^e^rfent eliminates 
source of fuel' for fuel ceUs because 
id Jong term unavailability. However, 
.development effort today js directed to 
'^luming fuel ceUs. This does jtipt ^pear 
'^ng ^rni^ solution to- electHc^^ pcJro 
" ilant^ iQ 3 sdccessfQf 
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gd^r ddvelopidsnt by 
^ flic Qfflfe of Coal - 
^otCriliis wa&a coij 
f^fectroiyie fuel ceU. 
y<Sefl ^^o^mpbsed 
^material with very 
l^a is heated to lOOOT, 
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and ions except oxygen ions. In other words, 
negatively charged oxygen ions will pass through 
zirconia material but ojQier ions ^d gases siich as 
nitrogen, hydrogen, carbon mcpoxide or water vapor 
%dll not penetrate the i3[iaterial when its temperature 



to lOjOOO'^F. This is not feasible utilizing present fuels . 
and materials technology. However, this re<Tairement 
icai^ be dianged by adding a seeding inateiial, such 
^ cesium, to the hot .aii. When the hot ^as stream 
IS seeded, it becomes ionized at approximately^ 
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exceeds 1 000 1^. While the characteristicsxof zirconia 
Seemed to 'be promlbing-^ fuel cell applications, 
progress- towards a reli^^, long life cell was 
disappoiiitihgV As a re^lt, development effort bji.this 
cell has been suspended. Basic research in properties . 
of materials continues. 

Magnetohydrodynamic^, commonly known as 
MHD, is another method of ditect conversion of heai- 

* to electricity. Figure 10 shows schematically ' tfife*. 
principles involved in magnetohydrodynaimcs. If an ' 
ionized gas is passed throp^^ s^ong. magnet iFi|^ld, ' 
an elf^ctrical potential is created m much the ssone 

. manner, as «a solid conductor passing between two. 
magnetic |X)ies creates an electrical potential. At first 
blush^this sounds like an exciting methdd to 'generate 
electricity. In fact, many political and industrial 
leadeis, even, today, are advocating thr expenditure 

* of tremendous efforts and monies 4o develop this 
method of power generation. Our corporation does 
not share this enthusiasm fd/ some very valid reasons. 
Pint, for air to ^ecome i9nized it inust be heated 



4000T. Coal can be burned to 400(fF provided 
proper air prbheating is utilized; hpvyjeyer, the 
"technology and^ , equipment for tlus itiiimt^tiQA ^ ^ 
temperature have not yet beeit do^lbj"^ 

In q^der to generate ai practical voltage, 'the 
speed of the ionized^ gas in the' MHD duct should 
approximate* 2()00 mfles per hour.4t is true, that 
industry knows how to build supetsonic aircraft* to 
, approach this speedi howeverr'J^f^ have not yet 
mastered, from the materids stuillfkHiit,^ t^ 
in /ducts at the tj5n^>eratures required < 

A third point to consider is that the unit 
requires an ultra high magnetic field strength 
approximating 60^000 .gauss. Tfie only feasible 
method of- obtaining this magnetic .field strength is 
with superconducting magnets. The MHD duct would 
be surrounded by supierconducting magnets operating' 
at nunus 4^0r. It takes little inpglnation to 
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recognize die significant thermal stress plioblems that 
win be encounte^d with ^percoftductivity 
temperatureis ort the outside of the duct wall and with 
4000 *f gases on the inside of the duct wall. 
, ' ■■ . ' * ' 

But even if aD of this is developed and works 



After the hot, ionized gas passes through the air 
preheating'' heat exchanger, it is then fed to the heat - 
recovery boiler where 1000 degree steam is produced 
This steam turns the steam turbine which generates 
approximately 300 megawatts of AC. The exit from 
the bofler would be at coQventional teifiperatures of 
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properly, the efficiency of MHD would not be 
satisfactory because the entering |emperature is ^ut 
4000*^ and the exiting temperature from the 
machine is approximately SOOu F. MHD is a heat 
engine and hence will fdlow Camot's Law. The 
eHiciency, with such temperature conditions, woi^d 
not be accepted for a method of bulk poW 
generation. , . 



Most proponents of MHD suggest the combined 
cyde approach as shown in Figure 11-. The 3000 
>^degree exiting gas from the NOID duct is pased' 
through z waste heat recovery bofler producing 
steani. f^igure 11 ^ows schematically some of the 
significant problems that must be solved in a, 600 
,MW MHD plant For. example, the coal must be Jed 
into the burner where it combines with preheated 
air to form j 4000 degree hot gas stream. The cesium 
seediflg material is added in the burner so that the 
hot gas stream wifi be ionized at the 400(fF^ 
temperature. When the hot, seeded, ionized gas passes 
through the magnetic field in the IfilD duct, 
^ q^oxtmatdy 3^ megawatts of DC is generated. 



approxiniatefy SO^F. However, itW^^sary to 
recover the cesium seed and the fly^ash. The., 
ecooctnics of seeding dictate that 99^ per cegt of 
this 'seed ))e recovered This wffl require electrostatic 
prec^itators with pcrfonnuKc y^itats five times those 
cwrently in use in power phals to recover this^sAd 
and ash. ^ ^ 

Since sulfur dioxide » produced in this coat 
combustion system, a sulfiir dosdde removal system 
must be placed in tihe exit gas stream. . 

A . 

A third air poflutant, that of nitrogen oxide, 
woidd leaitt from this pcooess^ In hct, this system 
11 an exceBeat gaetator of nitrogen oxides becane 
of the Ug^ tenpeiatare and long residence tinie^in 
the combustor. Thenforcv tome type of nitrate 
recovery ^stem would have to be indsedand placM 
in tlw exit g^ stream in orcfer to Mice ^e system'^ 
compatible with w pollution req^ireme■t6. 

One ptt ^pp^Bo^fkL the laany development 



ptobiems that have to be solved before this plant 
\({puld be 'an acceptable bulk power generation plant. 
But the major «point is that after all these 
development problem^ are solved, an overall plant 
efficiency of 50-55 per cent is thevultiijriatc reward 
for the many significant developmental costs. This 
is the reason our corporation questions the MHD 
system as a promising avenue for advances.in powier 
generation. * - 

There is a third method of direct converaon 
that holds promise. And Uiat is nuclear fusion. This 
is on the very finontiers of science aild it appears that 
a long period of developm^t will be required 
Present feeling in the scientific COTnnunity b that 
fusion could be a major source of power generation 
after the year 20li)0. Of course such predictions arc 
subject to reviskni by techm^og^cal bi-eakthioughs as 
they ^locur. Since this technology wiH be de^^k^ed^ 
by exploring new areas of science, -it is difficult far* 
anyone to piiedict' with any degree, of confidence 
when, or' iif,\^cm ywU become an acceptable 
economic methoaof power gwieratioiL 



neW 



Summary 

This paper 4$ a brief oveaii^^.^ af the nei 
ihethods of power generation that itiay beoone; 
available \o the electric Utility industry in the ncirt 
20 years, Table 3 shows .a prediction of tiie time spvi 
required before these method*', toi^t' become 
accepted in the utijity industry. Note thkt a question 
mark has been placed after &el cetis because 
significant development still remains to be performed 
before* the reli^ility of the individual fuel cells wOl 
*ieach the required nt^ues. It is very questionable if 
the;;.MHD .combined cyde will -ever be developed as 
a' source of bulk power generation. ^ > 

; TABLES 

'Ptedicted Timing for Advanced Methods of fower ^ 
Genaration . 



4 Type of Generation 

Light Water Reactors 
Gas Turbine Combined Cycle 
^uidized Bed Boilers 
Breeder Reactors 
Binary Steam Cycles 
Coal Burning Fud Cells 
MHD Combined»Cyclc' 
Nuclear fusion 
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Figure 12 shows the Westinghouse prediction 
of the £tfeient tmes of genenttkm addifions fiid 
source. In the b1|^l(Md portion of the circle, the 
Possil fuel win be mostly cMlthowever, a few readual 
ofl plants may be lastdled for base load applications. 
In tiie intermediate generation poition of the cirote, 

' oil and gas ivill supply this in^ pait because bf Ac 
ease with -which these types of boilers can be cycled 
and placed under load follow conditions. On the 
other hand; if coal .gasifio^n proves to be 
successful, coal will take a much h^er segment of 

' the intermediate nAtot tfum is ^own in Figure 12. 
In the peaking categofy the hydro ciq>adty is mo^ 
pumped storage nid ^e gas turlnne capacity will oe 
mosdy t)il fired. 

Some of the^nuclear cvprnif will be of the 
breeder type and a portion of jthe fossil ba»e load 
capacity will use the JSuidized bed boflo^ "No 
significant generation capadty-jMO be siipplo^d by 
fuel ceUs, MHD, or other methods t)f direct 
conversion during this time span. 



IS SOLAR ENERGY READY TO SOAR? 



Between grandtose schemes for the future and 
esoteric ftsearch of the past, some applications of 
solar energy as a practical power source are beginning 
to enfcrgp. . ' . ' 

Joan M. Nibcn 

As^o^^e Editor - V 

, The outlook for hamming solar energy is 
brighter as \he energy crisis fosters new examinations* 
of all possible, power :soui!ces. Lon^ considered, an 
exotic conpept, solar ener^ applications are coming 
down to earth as researchers at the iimversity- as 
well as the industrial^evel make intense efforts to 
solve the problems of collecting, storing and 
transnutting energy^froin the sun. 

Soiar-Heated Home-In late July, Solar One, an 
experimental solar house- built for the University of 
Dpiawarie's Institute of Energy Conversion, was 
dedicafed The l,2p(Vsq. ft. house has 24 solar 
•Dof-^janels that v/iSl supply f^Tt of the .house's 
, hea&ig and cooling needs and Will also f^ovide. some 
oif fcrelectrical requirements. The 4 ft. by 8 ft, solar 
panels are*-ab6ut 6.5 in. thick and are positioned ;in 
a southerly direction. The weather-tight outer surface 
is made of acrylic shqiet. .Beneath this layer, but 
separated v^th air spaces, is a second layer of acrylic, 
a layer of 1 /1 6-iiL aluminum sheet that is painted 
Mack, and 1.5 in. of urethane foam. Cadium 
sulfide/cop^ sulfide cells located on the exterior 
side of the aluminum act as ^e heat collectprs and 
generate electricity. . > 

Air is introduced at the bottom of. each panel 
and removed at Uie top by a manifold. Ducts then 
carry the heated air to the basement, where its heat 
is stored b^ the heat-of-fusion principle in 1.25 ill. 
dia. plastic tubes containing a molten salt solution. 
Experiments ty the University of D^ware 
researchers indicalfe that 150,000 Bti^'Of heat can 
be stored for up to a week. The energy cells are able 
to generate an^9)^rage of 18 kw.hi./day of electricity 
for household uise-on sunny days they, are expected 
to generate ab<W 50 kw. hr., about twice the hcwe's 
needs. 

If the solar house is successful, the developers 
envision a system wli^reby excess electricity that is 
generated during sunny days will \e transferred"^ to 
an electric utility. The utility will then pay back this 
electricity at night. • * 

Soiar Community-At a recent meeting of the 
Intersociety Energy Conversion Ei^gineering group in 
Philadelphia, three fuB $e^ons (out of a total ef 28) 
were devoted to solar power. For the most part, the 
17 papers . that were presented^ were practical 
discussions of present or proposed "sdutions ta the 
many te clinical problemSs involved. ^ 



Members of the technical staff of Sandia 
Laboratories J Criteria and Heat Transfer Div. 
analyzed the feasibility of using solar enei^ to 
provide most of the residential-enfergy needs of a 
specially designed solar community, lli^ir evaluation 
of five different conimunity concepts led them, to 
conclude that the most promising approach would • 
« be a cascqfie system using focused collectors. (The 
energy is cascaded from higM]uality power* 
generation-; to IbW-quality .uses. See diagram^ The 
S(^r-collectOF system woidd consist of either a set 
of paiiek that, concentrates the sun^s radiation^ on 
parabolic mirrois^and then focuses itVn jliipes stmilat 
. . to heat exdiang^r tubes, or a^oup of coated 
with a material that allows the rac&ation to. be 
selectively- absorbed. " . ^ . 

The admitted major problems in the use of 
solar eneigy lie in the collecting system and the. 
storage units, and most resmch effort is 'beiiig 
"^deypted to solving these difficulties. 

Research-At the "university of Minnesota, ^rk 
is underway to fabricate a small-scale version of a' 
solar-energy * collector module, including 
* concentrator, »hetft *pipc, vacuum envelope, and 
" calorimeter. The solarVcoUector system will consist 
of. several thousand trough-shaped mirror-surfaced^ 
devices that~rotate with the siln.. Each mirrored \ 
trough wiU be attached to a length of heat-absoibing 
pipejocated in its center so that the sun*s heat will 
be concentrated and directed onto the pipes. Fluid 
heated in the pipe will then flow to a heat exchanger 
at the end of the- system. 

Richard C. Jordan, professor of mechanical 
engineering at the Univeisi^, notes that one of the 
most challenging parts of ^e project has been the 
^development of selective surface-ratings for the 
rreflecfors. An analysts of various coatings is being 
^ conducted By researchers in the University's physical . 
electronics laboratories, and studies;.:pf weather 
resistance* aref underway at test sites^lii AHzona, 
Florida arid Minnesota. 

Ik addition^ a rhodel heat-pipe (also see Oiem 
Eng., Sept. 3, p. 58) has been built and test^ with 
various transfer fluids, particularly water, n^rcury 
and . potassiuni. Several 'hundred mixtures of 
chemicak,|hd^v^ijiiig^t be used for storiog the coUiected 
energy al^ liave been stuified. 

f At the Uhirersity of Houstm, sciei^ts are 
develoinn^ a sUglitly different approach to collecting 
and utilizing ^ar eSeigy. The installation Oeing 
proposed for study would ;ttse sev«ial thousand 

. helipstats mounted on a 1,500-ft towe^ These would 
. . track th^' sun and solar energy would be interoeiited 
and converted to heat, tprin L. Vant^lull miidAlvin 
F. kldebrandt, niembers of the Umvidisify^i||^ics^ 
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Depjji, arc workinx .under -a granj trom the National 
■ '.^ence Foundation in conjunction with McDonnell 
. - Astronautics Co., Huntington feeach^ CaUf. A possible 
7 way to use the solar energy, say fhe scientists,,would 
be to place the coUectQr-tower adjacent to a staiArd 
' generating plant-^t night or on clpuldy days the 
generating .plant could be operated on natufal^s- 

Ahother Approach-Althotigh .much of the 
research 'in solar eijergy Utilization .Has involved 
converting solar radiation to heat, another approach 
4s photo-voltaics, the direct conversioaj5.of ii^t to 
electricity. . 

.At the Philadelphia Energy Conversion 
Conference, researchers from Exxoii Enterprises, Inc., 
discussed work underway in direct conversion. Noting 
that this has been technically successiful with solar 

^ cells , made from inorgahio conductors-«iIicon, 
cadmium sulfide, cadmium telluride-they conceded 
that tbe major drawback has been costs, roughly 
three orders of magnitude higher than fossil-fueb 
. power costs. '77i/$ high cost, explain 4he scientists, 
has been due to the extreme purity oj the, starting 
material, low yields, and high costs of processing 

^ single-crystal matefial batclymse. 

0 

, HpweVer, a new company formed by Exxon, 
Solar Pawer^ Corp., is marketing a 1.5 peak-watt* 
module -packaged for "terrestial 'applications.\ 
Developers adnlit that applications will be mainly 
where othBr power sources are unavailable. One of 
the uses is a system set up by Ti^eland Signal Corp. 
to power the aid-to-navigation equipment fjpr art 
off-shore gas platform. Because of developments in 
semiconductor^ techncflbgy and engineering, and 
' packaging innovations^ SblajA)>ver ha^ been able to, 
reduce t^e price/ of these»4ofe systems by^ 

a ' factor of five. v ' 

Sun and Sea^till another approach to using 
the energy fronf the sun is bein^ explored a^^Mie 
University of Massachusetts^UHTilliam Heronemus' and 
his associates are |oblcing at a tombination of sun 
and sea to generate Q&tricity through 
thenDal-gradients in the oqeanr Different water 
. temperatures at th^ equator and the poles produce 
' a flow-the heated water moves towards the Arctic 
regions, and the colder water, at a deeper depth, 
flows toward tU^ equator. OceinogAphers sa^^ this 
causes a temperature%radiant of about 20 C. at^about 
100 meters below^the surface. In theory, the Vftrftiej^ 
^water would * flow through a heat exchangel 
containing a^ workiijig fluid that >¥0uld boil. 
Exransion of the %i^6i would opei;ate a turbine td^ 
prpSucei^ el^fctricity. The cooler ocean water would 
then be used to condense the vapor. Heronemus has 
plans^to build ^ submerged plant using this concept 
soinewhcur^ in the Gulf Stream-probably in the 
Straits of Florida between the U.S. coastline and the 
Bahamas Banks. 





t^* 1 watt of power producsd at standard oonditions ija. 100 milliwatti/iq. cm. iolar Intansity^ OCjoall tamparatii 
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THE FUTURE OF POWER FROM THE SI 



^ byP. 

The time to study solar power is jiow.^This is 
clear to the student of long-term energy trends. In 
thee recent past, about 50 years' was- required for 
significant diifts in fuel source patterns. Obvious 
factors, were responsible for the length of time: the 
fuel had to be made available and the machineiy to 
convert energy had to be * developed. ' 

Projection of power generation oyer the next 
several decades gives us charts like the two shown. 
The righthand chart shd^ws us the proportions of 
energy that various fuel sources will supply up to ' 
the year 2200. By that far-off date, perhaps 30 per 
cent of the total power will come from enj^rgy 
sources other than those available today. These new 
sourqibs will begiir contr^uting much earlier-around 
2030* We will have to find new ways to obtain energy 
by this data. . * 



Th^g^are three major sources of energy 
available^^ii|^ today: fossil fuels, nuclear energy, 
solar energy!" 



Fossil fuels represent a finite reserve, however. 
The smaller figure shows that the estimated 
width of the fossil-fuel impulse function measures 
• only hundreds of years. Decline of fossil fuels'. 
Usefulness will occur when the availability curve 
drops to around 10 per cent of peak value. The 
precise location of this ^oint is unimportant. What 
is important is to*recognize that the pulse width 
is. only a few hundred years not thousands. 

Nuclear power will reduce our dependence' on 
fossil-fiiel reserves for a time. If we c^ remove 
pi^esent obstacles ii) the development of fusion power, 
we can meet* our futiire energy requirements. The 
control of fusion is still the dream of physicists, 
however. . • 

Our d^^pfl^jg envirbnment is another factor 
sugges|ing a 'c{ii^ 4ook at solar power. 
» 

Air pollution and wa^jc pollution already 
plague us.' Thermal pollution from nuclear power 
plants coufd threaten rivers and lakes in- heavily 
populated areas. Cooling tpwers may partly offset 
this^ prol>lem, but the cbst will be high. Utility 
companies may need to spend $2 billion in the ^ext 
13 years alone in addition jto the basic ^19 billion 
that the companies plan to invest in nuclear plants. 
Estimates for U.S. investment in 
electric-power-gpnerating plants of all types over the 
next 20 years range to SlOO billion. Extrapolation 
of investments for environmental control 30 to 50 
years ahe^d shows us that our major concern will 
be ^alternative approaphes to reduce the cost, of 
conb;Olling undesirable effects on our environment. 

Keeping the long-range view in mind, we should 
lool^ on solar energy as our major ^ture resource. 



E. Qaser * ^ v * ' 

D. Littie^ Inc. i v 

We should be^n immediately to evaluate various 
means for harnessing it. , * 

Our space program really first showeil that solpr' 
energy can be direcUy converted. The majibr sucosses 
of Ranger, Manner; and Surveybn spacecraft^and 
orbing satellites came with the stTpport ofpowe^ 
from solar cells. Right now, except for these spaced, 
applications, solar-generated t^dwer's ectinomic9 is ^ 
questionable, .but rememberi'that . j^i^e are IfbJcing 
. ahead 5.Q;years or, more to tife time when solar'energy 
becomes vital. ■ ' : ' j 

Povyer froip the ,^un i#s not, of coursfe,"a new 
concept, in 1901, the sun*$ eneqgy ran at 4 l/^-hp 
steam engine, in Pasadena. Twelve years lateT,44arger 
solar eng^>e near Cairo, Egypt,:W;piS built to generate 
.50 horsepower. Since then, man tfaf^ built many 
energy Systems to idfe^olar he^'t. Examples are soiar 
watet heaters, soIaP^distiUation plants, and solar 
ponos, alon^ with solaj^owered engines. ' Any ^f 
these' devices suffers a in efficiency because of 
absorption .of Solar energy by- ^e atmosphere, 
obscuration of the sun' by^ clouds, dust deposition on 
y reflecting surfaces, wind efTects^ on structures, and 
partial utilization <(hen the sun is near the horizon. 

At least -two ba^ic concepts have focussed on 
generating power in amounts interesting for U.S. 
needs. » , . 

^ne conpept sought to obtain ^00 megawatts 
from sun-produced ' temperature differences in the 
waters of the Caribbean or the Gulf Stream. The 
colder lower layers would be a heat sink in this plan. 
A floating po^yer plaiil would do the conversion. 

The etKer^ concept, stemming from the space 
program advances, is one that deserves Qur special 
attention. 

.*■* •■, 

In this second concept, equipment orbiting^the 
earth at 22,300 mlle^ {rititude would intercept 
sunlight a huge flat collector, convert solar energy^ 
to electricity, and beam' the electricity as microwaves 
to a> receiving antenna on the . earth. 

to . ■ ' - ' ' ■ ^ " 

The problem is a fouM>art one, igj/olving orbit 
characteristics, efficiency of the conversion devices, 
transmitters to beam the energy, and the-' earth 
receiving stations.i ^ 

We can highlight these probI^|T# l>y roughing 
out a possible system, such as that shown' previously. ' 

The orbit location wo 22,300 miles above 
the earth and parallel to the eartlr^s equatorial plane. . 
In. this orbits a s^llite moying from east to west 
would appear stationary to afi earthbourid observer, 
because the satellite would jbe rotating -around the 
earth at the same angular speed as the earth. The 



satellite would pass through the earth *S shadow once 
a day, however, so the concept requires two satellites, 
in the same orbit )?ut separated by 21 degrees. This 
phase difference would keep the satellites aboj^ the 
horizon and give both of them a dii^ct line, of sight 
to thfr'^samo^ point on earth. 

When we look . at solar-«nergy conversion 
de/tices,we find that efficiencies, costs per unit 
weight, and costs per unit collector will be 
unattractive if we confine . ourselves to present 
,jftate-ofrthe-art solar devices. 

The table on Solar Collector Areas shows the 
collector aHreas <ieeded for production of the power 
requirements at various dates in various regions. The 

.collector efficiency is assumed to b^ 100i<(per cent. 

yPresent-;jiay silicon phato cells have only 15 percejjt 
efficiency, so that the collector areas would b^ about 
seven times those for .100 per cent effici^rtcy. 

Newer conversiba devices, microcrystalline cells 

«iseti- on single-crystal solar-cell principles, have ^ 
gher efficiency (about 24 per cent is the theoretical^, 
limit),' bi|t this is still too low to make. such devils ^ 
u^rful. * / f- ^ 

Organic compounds have been discovered,^ 
however, that show characteristic senutonductor^ 
properties, including the photovoltaic effect. Organic ' 
semiconductors are Still in their infancy. Both 
theoretical and experimental^ results show promise 
that organic systems can give* us high efficiency and 
low weight and cost. 

The lower figure shows a possible form for the 
thin-film- solar cells. Each cell would consist of^the 
fdUr thin layers shown. The polymer film exhibiting 
the high photovoltaic effect., would be only 1/400010 

. thick, and the other films would be even thinner. 

^ la dxemical terms, the polymer might be a compound 
of'-th0oOxazolc type. or a base film containing an 
aromatic dye compound. \ * 

Organic compounds can be used in pni junction 
semiconductor, but it is also possible to develop 
otlmi iypes of systems having change mobilities and 
coiSjl^vities that do not depend on single structure. 
These^ systems ' depend on the long-range 

♦ intramolecular charge transfer in the heavy molecules 
found in *such biological systems as neiyes. The 
semiconductin&^jHIJperties of these molecular systems 
may be.^ye^ different in character from those of 
inorganiC'-semiConductors and therefore may not be 
limited in their maximum efficiency*. Unlike, inorganic^ 

-single-crystal "^semiconductors, in- which ,^harge 
' creation ahd motion are related to the primafy act 
of li^t absorption, the highrmblecular-weight organic 
systems distinguish between charge formation in a 
- molecule and diffusion through the bulk medium. In 

* the organic system the charge may b^ 
intra-molecularly transferred before motion occurs. to 
an adjaceat molecule" or ^ciancy site. 



The leal prdmise of organic conversion systems 
is no]t only their high potential efficiency but also 
their low wei^t and cost. All these benefits will be 
necessaryt At 80 per cent conversion efficiency, a 
collector ib supply the 1966 needs of the U.S. 
Northeast would weigh 330,000 Its exclusive of 
support.' 

This is a heavy weighty but studies have already s 
explored the possibility of deploying large arrays like 
this in' space. One study has looked at a ferge 
radioastronomy antenna which would consist of two 
satellites . separated , by a 10-kiIq^eter 
adjustable-length tether.* . / 

Pointing accuracy is tiot critical for the solar ^ 
energy collector A gas-fueled reaction control systenfi * 
at the ^dges of the structure would Accomplish the 
, necessary changes 1n direction to keep the/CoUector 
pointing at the sun, 

Q[n*^p|R)llector itself, wires would pick up. 
. power Tfrom the elementary areas comprising a few 
' square yards. From a junction point of several wires, 
^another wire would, feed the current" on toward 
Successively more central junctions. At k location 
' near the collector center, equipment would pass the 
power into superconducting lines to the transmitter 
several, kilometers away. At the' transmitter, an 
amplifier having an efficiency ofi^about 90 per cent 
would generate microwave radiation to transmit 
power to the ^arth. High CW power amplifiers having 
high efficiency are close to reality now. 

i 

Attitude control devices ^uld carefully point 
^the antenna, of pafaboloidal shfipe, at the receiving 
antenna on'earth. Success in oOTnting at chosen areas . 
on the moon indicates that we can achieve the 
^ necessary accuracy. 

WiU humans be necessary in the orbiting part 
of the system? Most likely, humans will hafve to be 
preseat during deployment of collector attd intenna. 
In operiation, men will pAform the .functions of 
station keeping, equipment ^nonitoring, and 
. maintenance. 

' With a 2-kilometer diameter antenna, sufficiei\t 
for^the U.S. Northeast's 1966 power requirements, 
the power density would be less lhan ^one wfitt per 
square 'centimeter.. The voltage gradient in the. upper 
• atmosphere would be less than 100 V per c^Jiineter, 
so thai ionization of the atmosphere wou!d .be 
unlikely. . * 

• the beam density of'- less than one watt per 
' square centimeter would b& an order of magnitude 
larger than the ^un's radiation received on earth. This 
density might damage objects or living tissues 
entering tiK ibeam accidentally* but it is not high 
enough to cause major destnicth^e effects. . i 

T)n the earth itself, a dipole.re<j^ing field using 



highly efficient solid-state rectifiers would absorb the 
energy. A distribution network of superconducting 
transmission lines would carry the power to !ocaJ 
destinations. Research underway now will assist jn 
developing this method. 

The development eCfort for the suggested solar 
power generating satellite will be an extensjye one. 
At present, development is ^lot far-enough dfong to 
allow detailed cost vs. benefit analyses. Nevertheless, 



costs can be broadly estimated, and we should then 
conipare them with the projected costs of nuclear 

.power plants during the next* two decades. 
^ * ■ 

, The search for power fr< m thef sun appears to 
be less of a technological gamt le than ^en we first 
announced our objective to land a man on the moon 
and return him to earth by 1970. The developments 
stemming froip the space program may find projects 
such as S(dar power^ a logical qitgrowth of 
achievefj^ts in space, leading the. world into an era 
where ^PadV^t ^power could fr^ man ' from his 

'•dependence on fire., . 




THE ENERGY GAP that is foreseen in the Chart as starting ab,cyut 2030 will re- 
quire new power sources/ Nuclear fission and solar energy are two possibilities 
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CHAPTER 3 



NUCLEAR FUEL GENERATING STATIONS 



1. Tbc Fission Process. 

The buUding block ^or all matter is the atom. 
An . atom can be considered to be a dense core of 
particles called protons and neutrons forming a 
positively diarged nucleus, surrounded by a swarm of 
negatively charged electrons. - - 

Any one of the more than 1300 known species 
of atoms characterized by the number of neutrons 
and protons in the nucleus and by energy levels is 
called' a nuclidej^For example, an atom of chlorine 
with 18 neutrons in its nucleus is a nuclide, ^hile an 
atom of chlorine with neutrons is^another nuclide. ^ 

All nuclides* can be, placed into one of two 
categories: radioactive or stabfe. Radioactive nuclides 
(radionuclides) undergo spontaneous^nuclear changes 
which transform them into other nudides. JTbis 
transformation is called radioactive decay, and 
through the decay, the radioactive nuclide is changed 
eventually into a stal)le nuclide. 

There are some 265 stable nuclides^ and 66 
radionuclides found in nature. All the rest of the 
nuclides art man-made radionuclides. Thus about 5/6 
of all known nuclides are radioactive. 

In changing to a stable state, the nucleus of a 
radioactive atom emits radiation. Radiation may be in 
the form of particles, or in the form of 
' electromagnetic rjys called "photons. Some 
radionuclides decay by the emission of alpha 
particles, which are high energy helium nuclei. Others 
decay by the emission of beta particles, which Can be 

• either high energy negatively charged electrons 
(negatrons) or positively charged electrons 
(mjgitrons). Decay by the emission of these particles 
ir usually followed by the emission of photons of two 

/types: gamma rays, which are produced in . the 
nucleus of the decaying atom, and x*rays, which are 
produced as a result of the rearrangement of orbital 
electrons. Except for their origin and the fact that 
x-rays are usuaUy lower in energy and therefore less 
penetrating, x-rays and gamma rays are the same. 

Less of this radiation changes the atomic 
structure of the radioactive nuclide, a process which . 
continues until a stable {nonradioactive) nucUde is 
reached. Uranium, for instance, is radioactive; it 
decays slowly into elements like radium, radon and 
polonium,^nd ftnally stops at lead. The time required 
for one-half of the radioactive atoms of a nuclide to 
decay to its daughter nuclide is known as the half life 
of that nuclide. An atom with a short half life quickly 
decays. Half lives vary frdm minute fractions of a 
cond to billions of years. 

When. Jit oms of certain heavy nuclides are 
bombarded by neutrons, the nuclei of some of these 
atoms wUl capture a neutron and become unstable so 
that they fi^ion, or split, into two or more smaller 
atoms. Together the fission products weigh slightly 
less than the original atom and the bombarding 
'neutron combined; this missing mass is converted in to 
energy, as described by Slastein's formula: energy 
equals mass times the velocity of light squared (E - 
inc^. As fission fragments fly. apart, most of this 



energy appears almost instantaneously as heat Is the 
fragments lose their energy of motion to the 
sunounding material. The heat from >his fission 
reaction can theft 1)e used to boil water to make 
'steam, which in 'turn spins turbines that generate 
electricity. Thus, 'the principal difference between 
nuclear and fossil-fueled electrical power is the source 
of the heat energy. 

When an atom flssions, several free^neutrons are 
released. These are available to strike other atoms, 
causing them to fission. This is the chain reaction 
(Figure 9). If a chain Reaction is to continue, there 
must be enough fissionable atoms packed closely 
enough to insure the capture of enouj^ neutrons to 
keep the rate of fission constant. The amount of 
material required for'tHis is called the critical mass. ' 

, Generally, the smallel^atoms. produced by 
fis^oh are radioactive, these fission fragments usually 
decay by negatron emissioxt followed by gamma ray 
emission. Figure 10 shows one of moie than 30 
possible chains of-decay following the Assigning of an 
atom of uranium-235. The fission fragments are 
atoms of radioactive bromine and xenon, and they 
each decay through many steps by emitting beta 
particles. The half life for each part of the chain is 
shown. Note the diversity of half fife lengths. 

2. Nuclear Fuel 

Uranium is the basic nuclear fuel because it 
contains uranium-235, the only nuclide found in 
nature, that readily undergoes fission. The natural 
concentration of uranium-235 in uranium is 
seven-tenths of one per cent; ^the .balance ii 
uranium-238, which does not readily undergo fission. 

The United States has become the leading 
producer of uranium in the free worid. Practically 
all the deposits of cpmmercial^ade uranium ore 
found in the United SiCate^ to date are in the western 
part of the country. Some shallow deposits are mined 
by open-pit techniques;. however, most is taken from 
underground nunes. ^ 

Uraniun»» mining disturbs land, though not as 
much as coal mining. It takes about 30,000 toris of 
uranium ore to produce the 3f) t(5ns ;Of>Ur^rii^m 
needed to fuel a nuclear reactor for* a'*ycir. On the 
other hand, about 12 million tons of overburden 
must be removed to get the tWo million tons of coal 
needed to fuel , a comparable plant for a year.. 

3. *Nucleiar Reactors 

A nuclear ^ 'reactor serves to provide an 
environment in*>^ich fission reactions can be 
initiated, sustained and controlled, and make 
PQSsible the reriwlal of heat for power [production. , 

Cei^ain cpmponents are common to all 
reactors, regardle}& of their design. These ai« the core, 
coolant, control rods amd shielding. Most current 
types of power reactors ^so include a moderator. 

The core itself is generally made up of bundles 
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'Of fuel rods y^Wch contain uranium oxid^ pellets. 
When a number of bundles of rods are assembled, 
a criticaLmas^is reached and the chain reaction starts. ^ 
IndividualTuei rods do not contain sufficifent/uel for 

'a critical mass. 

The coolant, either liquid or gas, flows over the 
fuel rods, removing heat from the fuel The coolant 
does not come in contact with the actual fuel, since 
the radioactive material itself is sealed within the fuel 
^^ods. • 

The control rods, made of materials that readily 
absorb neutrons, are usually strips of nietal (boron 
or cadmium alloy) positioned inside the fue] 
assembly. If the cods are pulled out of the bundle, 
more neutrons are available to cause fissioning of the 
fuel, so the rate of reaction increases. If the rods 
are inserted into the fuel bundle, they act as a 
neutron sponge, so that there are fewer neutrons 
available to the fuel. Thus, the chain reaction slows 
or even stops completely. This makes it possible to 
produce heat at a desired rate, or to shut down the 
reactor, t 

Th^ moderator, a material in the core^is used 
% slow down the neutrons as they emerge from the 
fissioning atoms. Slowing is ^necessary because 
neutrons travelling too fast are less readily captured 
and do not create more fissions. Graphite, water or 
heavy water are common moderators. 

/Shielding consfsts of special materials which 
surrgdnd different portions of the reactor sysfem to 
prevent radiation from escaping into the 
envitt)nment. Some shielding components reflect 
stray neutrons back into the reactor. Others soak up 
radiation to protect important structural parts frorn 
radiation damage. Still other shielding components 
prevent biological damage from escaping radiation. 

In many designs, one reactor part may serve 
to complement other parts. For example, a 
moderator may also act as a neutron refleptor. The 
coolant in some reactors also serves as a moderator. 
Many combinations like these have been developed; 
each has certain advantages and disadvantages. 

4. Types of Reactors ' ^ 

The more conunon types of reactors are the 
light wwater reactors, including the boiling water 
reactor and fhe pressurized water reactor; and the^ 
gas-cooled reactor. A major research and development 
program is underway to develop another type, the 
fast breeder reactor. 

In the fall of 1974, 52 nuclear power reactors 
operating in the United States supplied between seven 
and eig^it per cent of the electrical power generated. 
An additional 59 nuclear plants were under 
construction, and 118 were being planned. At the 
close of 1973, 65 per fent 6f all nuclear power 
reactors sold were pressurized water reactors, 31 per 
cent were boiling water reactors, and 3 per cent were 
gas cooled reactors. ' 



During the latter months of 1974, the 
construction of some 80 nuclear plints was halted, . 
perhaps Jor months or years to come, because of 
problems involving money, labor, material shortages 
ahd Ueensing requirements.-These delays may lead to 
a severe electrical shortage^ the early 1980's, 

A. Boiling Water Reactors (BWR) 

In the boiling water reactor (Figufe/1 1), water 
is use<f as the coolant and serves a secondary function 
as the moderator and, oeutron reflector. The water 
brou^t into the reactor is allowed to boil. It is then 
expelled from the reactor vessel as saturated steam, 
which dr^es a turbine to produce electrical power. 

A typical Wiling "V^ter reactor core is • 
approximately^ a right cylinder with, a diameter , of 
about 11 feet and a height of 13 feet (Figure 12). 
The core is made up of many fuel assemblies (Figure 
13). The fuel assemblies contain the fuel rods^ which 
are zirconium alloy tubes. Within each zirconium 
tube, called cladding, is a vertical stack of uranium 
dioxide fuel pellets containing^ slightly enriched 
uranium. Enriched uranium contains more fissionable 
uraniun>235 than natural uranium-for example, 2 to 
3 per cent instead of 0.7 1 Lj)er cent. 

Typically, a QWR operates at a pressure of 
about 1,000 pounds per square inch and produces 
* steam at about 550 degrees Fahrenheit. The BWR 
has the advantage of simplicity and the disadvantage 
of requiring a large core for cooling. Some of the 
materials in the water may beC^bme radioactive and be 
canied through to the turbine section, increasing the 
size of the area where radiation exists. The early 
models of boiling water reactors hid high emissions 
of radioactive gases as compared with other reactors, 
but this has been significantly reduced in n^wer 
models. 

B. Pressurized Water Reactors (PWR) 

In a pressurized water reactor (Figure 14), 
pressure keeps the water from boiling. Instead, water 
is pfimped through the core and removed at the top 
as ^ heated liquid. The water is then circulated 
w^throu^. a heat exchanger, Where steam \^ produced 
from water in a secondary loop. The steam drives the 
turbine. The cooled water in 4he primary loop is 
returned to the reactor to again cool the core, 

A pressurized water reaclor Core is made up of 
fuel assemblies such as the oryfe in Figure IS. 'yle fuel 
assemblies contain the fueFsj^ds which^hold the 
uranium didxide pellets (Figure16). As wi|b BWR's, 
the uranium is slightly enriched so that it contains 
mpr^issiohable uranium-235; 

/ The PWR primary loop normally operates at 
ji pressure of 2,000. pounds per square inch and at 
an average tcmperatiure of 590 degrees Fahrenheit. 
The coolant in the PMVR core does not directly 
contact the turbine, so the turbine area .remains 
uncontaminated, . with radioactive materials. The 
hi^er pressure allows more efficient heat transfer 
and rejpuires a smaller surface area for the core. The 
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PWR, however, . rej^uires higher operating pressures 
and additional heat exchangers, which lower* its' 
•efficiency. The high temperature incr»ases the 
corrosion of the fuel rods, the cladding and ^he vessel 

C. High Temperature Gas-Cooled 'Reactors 
(HJGR) ^ ... 

In the high temperature gas-cooled reactor 
(Figure 17), as the name suggests, the core is cooled 
by certain * gasesr passing over it, usually purified 
carbon dioxide or heliuiS. This type of rieactor ha? 
a low fuel-consumption rate becatlse very few 
neutrons are captured by the cooj^nt, but it has a 
few drawbacks. Since gases are not as efficient heat 
transfer agents as liquids, a large volume of gas must 
be c^culated. The circulation system requires very 
latgeT)lowers, and iht core must alsy re large in order ^ 
to present enough surface area for effective cooling.':^^ 
Gases also ' ar^ poor uidderating materi^s, /so a 
sejMrate rn&derator ^^stem must be installed. This 
mfi&erator system usually consists^of graphite bloci^ 
pierced to contain the fuel. Graphite is used be(^i^- ' 
it is very strong when hot, permitting the reactbr?|&' 
operatft at a high temperature. Neither helium nor 
carbon dioxide will react with the graphite. The gas 
coolant gives up ijts heat to water circulating thrqugh 
a. steam generator. Since the gas coolant^can be 
heated to much higher temperatures than water 
qoolant, it can produce steam aT much higher 
temperatures thao-*^*cater-cooled reactors. This high 
temperature operation allows the use' of the b&t 
turbine technology and reduces th^ release of waste 
heat. These factors may give this type of system a . ^ 
thermal efficiency equal to that of the best 
fossil-fueled plants. Current<^ter-cooled plants have 
somewhat lower efficiency than ippdern fossil-fue^d 
plants and, - therefore, are potentially sources of 
greater thermal pollution. This concept will be f?^ 
discussed iTf Chapter 6. 

^ ^ D. Breeder Reactors 

It has been fioted that uranium is the basic fuel ^ 
for nuclear reactors because it contaiijs ij^sionable 
uranium-235. It was also seen in Table 4 that the .* 
high-grade ores of this material are estimated to be 
depleted Ky the year 2040. Breeder reactors are; 
looked upon as a method of extending this limited 
fuel supply by hundreds of years because they 
produce more fissionable material than the]? 
consumQ. • 

Although uraniurn-238 is not readily 
fissionable, it converts under-neut/fon irradiation into 
plutonium-239, which is fissionable. For this reason, 
uraniumr238, which corfstltutes more tjuzn 99 per 
cent of all uranium, is called a fertile materia. The 
, element thorium, which is abundant in nature, is 
composed of thorium-232, anad|ier fertile material 
that converts un(||||^rneutron irramation to fissionable 
uranium-233. Uranium-233 and plutonium*239 can 
be recovered Sm use in other reactors. . » 



' ^ This • conversion *ft"pm fertile to fissionablj^ 
material also takes place in current power reactors,' 
but not at such a high rate as in breeders. When an 
atom uranium-^5 fissions, it produces anfeverage ^ 
, o£ about 2.5 neutrons. To maintain a chain reaction, 
one of these neutrons on the average must be 
captured by another atom of uranium-235 to produce 
the next generation of fission events. This leofes 
about 1.5 neutrons per fission which can be captured 
in the core, or be captured by the uranium-258'in . - 
the fuel to produce plutonium. In current water- and 
gas-cooled reactors, it tjkes thefosion of two atoms 
of fuel to convert oneytom oiruranium-^§ to an 
atom of plutoniuiTV:59! '^ 

^In .a. brefeder reacfbr, for each atom of 
fissiOTable ritaterial consumed, more than one atom , 
of fertile material becomes fi&Sonable material. This 
is achieved by increasing the number of free neutrons 
released in fission and by decreasing the numbSr of 
neutrons wastefd,. thereby m^ajking a larger nunroer 
available for absorption in fertile *mat^rial. , * 

Fuel produced in breeder reactors may grezftly 
extend our energy resources, since breeder reactors 
could utilize more than 50 per cent of the available 
(bnergy in the world's fissionable and fertUe fuel\ 
xeser^s as compared to only one i or two per cent 
for light-water reactors. One other favorable aspect 
of breeder reactors is that their fuel can tbe . produced ^ 
economically from lower-grade bWs. We Will need to 
turii'to these" ores as supplies of /High-grade ores run ^ 
•out. . ^ " 

' ^. ■ • .... \- 

Just*.?,^s there wdlfe initially many thermal, 
reactoi; c6ricepts,"v¥ith the PWR, BWR^d gas coolefl 
reactors winning generaj acceptance in this country, 
there have been a ntnhber of breeder reactor concepts 
proposed. The concepts which hfive^undergone initial 
idevelopment, include the light water breeder reactor 
(LWBR) md'm molten salt breeder Veactor (MSBR), 
.which are based primarily ' on the 
thorium -K2-uraniihn-233 fiiel' sysbm; and the 
gas-cooltfd fasHbreeder reactor (GCrBR) and the 
liquid metaf cooled, fast breeder reactor (LMFBR), 
based priiparily on the uranium-235-plutonium-239 f 
fuel system. 0,f these, the LMFBR concept ^ jis 
:teceiving the majo$r focus of the Vesearch. arid 
development efforts in |his country and abroad.* Thus 
only this coftpept will bj treated further.|^ 

Tht LMFBR would be able to produce mdre 
fuel (plutomum-239) from the fertile iiranium-238 
than it-would consume. A diagram of the liquid metal 
fast breeder reactor appears in Figure V^, 

. , ' ^ • ' ' \ ' 

It is called a fast reactor because ^t contains . 

no. moderator rhaterial to cause k rapid slowdown of. 

thfe fission neutrons. Thus the avetage neutron " 

velocity in jt|ie core will be cOnsi4erably,greater than ^ 

in conventional reactor cores* At thes)e ^higher 

energies, therp is a much greater prbbabflityl thdt the 

neutrons not needed Ji6 maintain the chain reaction 

will be captured by the fertile uranium-238 than by 

reactor core components.-^ '0 



. The term liquid metal is used because liquid 
sodium is the reactor coolant. An inert cover gas 
(argdn) is used to blanket the sodium. 

The fuel in such a system woufd probably be 
a mixture of oxides of uranium and plutonium. 

Liquid metal fast breeder reactors ^ve the 
potential of being more efficient than light water 
reactors. Sodium is considerably more efficient than 
water in transferring heat from the core. Also, the 
reactor core can be operated at a higher temperature 
without pressurization, since sodium has a much 
higher boiling point than water. As a consequence, 
the thermal efficiency of such a power plant vwll be 
39 per cent or more, compared to 31 to 33 per cent 
for light water reactors. This means a decrease in 
waste heat. 

The LMFBR has some disadvantages when it 
is compared to light water reactors. These 
disadvantages are due mai|ily to the liUdium coolant. 
Sodium is a highly chemically reactive metal that will 
bum if it is exposed to either water or air. Further, 
it is a solid at room temperature and requires an 
elaborate heating system to assure that it will remain 
li^quid throughout the coolant system. Sodium is not 
transparent to light, which complicates refueling and 
maintenance. 

The sodium coolant captures some of the 
reactor neutrons and becomes intensely radioactive. 
Since the maifi radionuclide produced (sodium-24) 
has a 15 hour half life and emits extremely 
penetrating gamma rays, refueling of the reactor and 
maintenance of the primary coolant system require 
remote control equipment. 

The LMFBR is more difficult to control than 
a light-water reactor, because an accidental loss of 
the sodium coolant from the core increases reactor 
power. The opposite occurs in light-water reactors. 

, " The co$t of building a LMFBR is considerably 
greater than that of light-water teactors, primarily 
. because of the more exacting specifications and closer 
tolerances requ^ed. ^ 

These problems are ^now being solved m small 
prototype systems, like the Experimental Breeder 
Reactor operating in Idaho forover 10 years. Besides 
g/fierating electrical powe;, it has -demonstrated 
.^rfeding and Sodium technology^ and, more recently, 
has served as a fuel-testing uiiit. This effort is being 
expanded through; the, Fast Fhix Test Facility in- 
* Washington, the forerunner 6f the Clinch River 
Breeder, which is expected . to delivc? about 350 
megawatts of electricity in me I'ate-l 980*s. 

"Other nations, hol^bly France and Russia, . 
api^ to be moving more quickly into the use of 
breeder reactors. In mid-1974, the French put into 
bpcratioa a fast breeder Jft their Phoertix pr6j4ct, 
which is- routinely generating^ 250 megawatts \of. 



electrictji^. :The U.S. program is to develop a sound 
scientifit-ind engineering base to assure perft^ance 
and safety. It remains for the future, to nell us 
v^ether the French plan of acceleration of tfie 
breeder or the U7S. plan of margin assurance, is the 
better. . 

5. Safety Systems in Nuclear Reactors • 

No accident affecting public health aiufc|ifety 
^s occurred in a commercial nuclear power' plant, 
nor has a radiation injury ever occurred to a worker 
in such, a plant. This record is due to stringent safety 
precautions taken by the builders of nuclear plants, 
vs^iich cannot be built or ope^ted without a license 
from the Nuclear Regulatory Commission," charged by 
law with the responsibility of satisfying itself that 
the plant vwll not endanger public health arid safety. 
Licensing was previously done by the Atomic Energy 
Commission(AEC), which was abolished in 1974. The 
AEC's research and development activities were takeh 
over by the Energy Research and Development 
Administration (ERDA), while the regulatory and 
licensing activitic^^^e now the function of the 
Nuclear Regulatoj&llSommission (NRC). 

A. Control During Normal Operations 

Nuclear power plants form small quantities 
(several pounds per day) of radioactive substances. 
In normal operation, more than 99.99 per cent ^of 
these substances stay within the fuel asscmolies. The 
small amount that escapes from the fuel enters the 
reactor coolant system, v^ere almost all of it is 
removed by purification equipment. A minute 
amount of radiation is released to th6 environment 
under strict' control, subject to conservative and 
rigidly enfotjced health and safety regulations that 
require that releases be kept "as low as practicable". 
Releases must thus be reduced as 'improved 
technology permits. This is discussed in greater detail 
in Chapter 7. < 

B. * Accident Preverition ' 

(IJ Natural Safeguards 

#•» . , ■■ •■ 

Today's water-moderated power reactors user 
uranium dioxide fuel which is enriched with the 
uranium-235 isotope to only three or four times its 
natural level, if the rate of fissions were to increase 
significantly, more heat would be produced. The heat 
would increase the energy t)f the neutrons in t^e fuel, 
and thus increase theTproppttion of neutrons escaping, 
froi^ the core and captured by oon-fissloning atoms. 
'^h(}'iate of fission would thus slow down. This effect 
is autpmatiic and instantaneous, and is one reason 
why a nuclear ;rc«ctor cannot possibly become a 
bontf). InVbomfc^esynflally pure fisrionjible material, 
is jequifed, and 4t ifiust be rapidly compressec) an^. 
y hM tbglMjpr for the chain reaction to incre^ase to an 
intensity .oTa nuclear explosion. > ' 

^. The use of water as a cpolaint^ and moderator 



provides angther safety feature of today's power 
reactors. If the reactor were to exceed its designed 
power level, it would raise the temperature of the 
.water, which Would in turn decrease the water's' 
ability to act- as a moderator. This tends to reduce 
the reactor's power level. . 

(2) ^Engineered Safeguards . ■^ 

' In addition to natural safeguards, many safety 
features are built as. an integral part of any reattor 
facility. These are a **defense in depth- against the 
release of radioactive and include; ceramic fuel, fuel 
cladding, primary coolant system, safeguard 'systems 
and, fmally, a containment system surrounding the 
entire reactor. The safeguards include: „ , 

(a) ^Monitoring of Reactoj *' 
y '* Neutron Intensity 



Since neutiions initiate fission- reactions and 
relate to the reactor power level, measurements of 
the number 0^ available neutrons^ are liiade by a 
number of independent monitoring systems it varijpus 
locations inithe reactor core. These instruments aye • 
connected to a rapid shutdown system in case . 
neutron^,i,intensity rises above a preselected limit. - 

^ Reactor Control System. 

Materials such as boron or cadmium are able . 
to absorb neutrons and, by removing neptjrons from 
the systM< shut down a reactbjr, preventing new 
fissions ^om occurring. Conimbn "methods of ., 
introduction " include. ^the mechanical insertion of 
control rods into the cow and the additon of liquid 
solutions of these neutron-absorbing elemerits the " 
water irioderator. Most >yat!fer reactors" have both' 
methods, of -control available; 

, (c) R^acilor Safety Circuit ; v , 
^ . -Instrumeifitation ' , ' « 

V'^ ■ ^ .^v ;.' 

Instruments constantly • «hiohitor what^ i» 
, happening in the. cm^. Improper signals ^concerning ^- 
tempierature, pressure or other iunwanted apndftion? ' 
will inrimediat%;j^iatUt.doym ifeactor. Eacn safety 
sy Stern has' bn^\ or itiore backup systenris in case. there 
is ,a '.failure in 'the^ primary 'system.|» 



(e) Emergency Core Cofoling . 
Network ' ' - 
If, for some reason , there is a rapid loss of 
coolant water in a nuclear reactor, it is conceivable 
that the core might melt due to heat fromi|he fission 
. reactigns, releasing a dangerous amount'^f ^ioactive 
material. Two independent emergency'core cooling 
systems are available to provide automatic, emergency 
core cooling. The network does not require an 
operator to get it started. The effectiveness of some^ 
of thejatlrrent emergency gore cooling systems has , « 
been seriously questioned, so they are now under -Q) 
very cidse istudy. 

C. t ; (|^tiipn%q(t;il,^^^ , * • 

, It has been seen that multiple- physical barriers ' 
in reactor system* guard against ratfiMCtive. / c 
subst^ws escipiilfe to the environment. There is,.T^^^^ 
of all,' die ability of the fuel' ma te'iial to retain nipst^^ ^ 
\ .of the ifiSsion products, even wke^h they- are • 
I overheated. ilhen th^e is»thiB fuel;elert!fent^^c 
' throujgh whip h fiisioA products rhukt pa^sjo getinlo ^ : 
. the reaptor coolant. Nex^, there are'thi5Hl|lls of the 
reactoF vc^l itself^ Finally, there is th^ containmeif^ • 
1 system, constructed to Bait any. release of radioactive 
' % rft^terfal Jtljia|: lets ]^st all the; pther barriers. Tte - "' 
\ feactWtjiuiJding itself may be scaled off as a - 
' secondary c6ntaii>men; system. ' : » C ' C. 

6. Price-Anderson Actfi . * 

riu^lear power began to -emerge aiV'^> i 
oif jMwer generation, the U.§i ^- - • 
^is qucWbn^ What is (the best nwthiJd * 
for damages arising , from a iiu<;fcar ; : ; 
thbu^ such * an event is. wttrgWiiiily y>, 
fPricCpAndersbn Act eyolyed to, answer. > 
L it requires ai utility, which 
er pl^nt to Purchase 'the i^taximuifi™ 
^•lility insurant it ciA obtM, (;urrently ^^^^^^^^^^ 
Tlie federal ^gfweriuupt w^^ 
xance, np tad'iotil qt f^^ 
Mb for c^niiages froin a flU^^ iiccident.^, 




• ' ' (d) Electric, Pdwer Reqimgftifents 

\; ; ReacjM^^^ at some tinfc 

V^^tric p6\nwvto^a' nuclear plant may |}e shut off. 
. To allow ifor ' thi?, possibiBl^y,; they usuaUv design ^ 
' reactpr systems that reouire iip .electric i»Wer to 
,^acWeve:^^e shutdown. TH0s^ which maj/ require . 
^JpQwfer'^mshUt.do^ k^^jihe coolant circuTating 
■\fp}^\i}ii3LpM M* 'equfcp^ 

\ ge^raMuts an^ batteriS tp operate When ho outside 




government currently _ 
hce. Each' utility payi^ 
iunent for Frice-Andersbp ' 

'^Jhe PVifie- Anderson Act . 
' ^Ij^Hpties in the event that dai 
,' accfaeht should exceed the^560 
* Critics ^of nuclear power - 
provis{on,and fiay that 



|$45Ql million 





quick to pQinf put this 
^ *■ uitt.is rVpt enoii^I 



est' 



' A private insurance^ )^M4^'rcvid^s'.Hi$urance on ' 
Aiuclear facilities theni^lve^. ■ There, is *nd' . 
..govern^ient'backed cover4g||b> oA nudear faipility " * 
rproperty. Jff'*^^ \.v vl' • 
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1. Nuclear Power Profcjfoms and P^m^se5 

" • ■ • ■■ • 4 • . • 

The development of nuclear po;sver stations has 

suffered from sharply escalating coiistructron costs 

■»and numerous construction delays. ; 

Original schedules for. miany proposed nuclear 
plants have not been met because utilities had 
difficulty -obtaining the necessary licensing. Hearings 

' for various licenses by . the Nuclear Regulatory 
Commission, state agencies, and other groups have 
become battles between the utilities and 
enviroiunentalists and other concerned about 
radiological safety, plant siting, therihal pollution, the 
. storage of radioactive wastes and the possibility of 

. fissionable materials being diverted for use in bombs. . 
Such concerns have contributed to increased 
safeguards and security. The results of the reactor . 
safety study included in this chapter's supplementary 
reading list sho\y 'the low risk^ of nuclear power 

^ compared with other huiiian activities. . 

' >, Even though tjie electridal power^indus 
generally regards nuclear p6wer plants as an answerc 
;for the long term, it has been less than haj)py with* . 
?; nuclear plant pcrfonriance. Many^lants are operating 
at l&wer than expected availaljjMiiPS ahd have had^^ 
^oblems causing Oiem |o^hut down*for long ipe^afiii, 
But the operational perforni^ce of nucleaj. p^nts is 
imprpvihg^j^^".«shown in, a recent Conunon wealth 
Edisqji'^' CS^pany report which compaifes the 
A| avjiU^Uity,' reliability and ecbnbmy of their . seven< 
' nucWr pow^r plants with t^eir six large fossi^rfueled )i: 

'plants b\tfft^ since 19(54. . The Tour nuclear .plants j©' 
.^ ^mi^ and 1974 operated at art .av" ""^ 

6f 60 per/cent 5f theit capacity, while the foisil 
operaticd at 54 per cent of their capacity. »;ifi^ 
* figiirib for the fossil-fueled plants coriiea 
bfBcause St periods* of less than p^ak load, the 
. ,phints were usedLtQ a greater, extent' 'tha^ 
/ fpssii-fu^eil plandjpbicausfe of their lower fuel> 
' * .liie. nudear. units we're available! 75 p^. cexvt o;, 
-time, : the , fo^V Xinits^?" 71 per cent ' pf the time: 
^6ommon\yealth ((jEdison give^thei* us^ o£ nuclear 
■ . IpWef plants th£^credit forgj^ee'ping inctflgi^in, the 
> ccist oMlectricity well below increases jjls^^P^.^^^ 
^he^xfi^ntry. ^ • 
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The Heat Goes Up ahdAtiay!^ 



During, fhis period of mounting concern 
about our environment, fhere hos be^ 
, considerobb discuuion about the amount 

* of heot that nuclear plants ifould odd .to 
our wtite^^^/s. Popular public tfrminolpgy 

• /for fhis problem hos become "thermal jE>ol* 
^ ^^lution.*' This is not pollution as we normal- 
-^1)r> think about It; it is the addition of heot'. 

/ to the water, which changes the ecology, 
. or noturol balance of nature, in iMe streom. 



* At Three Mile Inland, we ore not ^prev, 
^ senting this problemf. We ore not. qd^ng 
^ heot to the Susquehonno River, becquse^^e: 

are ^sing cooling towers to cool fhd* water 

used in the nucleor plan}/. We ins'tqlled 
^hese 37*story towers at . a cost of some 

il5-million to totally, protect agbirisr of 

fecting the river temperature. 



Since the r^cto^ water is one enclosed 
syitem and the wdter^ from the cqyklenMr 
to the cooling toWefs/is in onother ^ 
closed system, the river woter ii nit "pol- 
luted/* nor is, its temperoture affected. As 
the water in the cooling tower is cooled, 
some of it evoporotes and leaves tf)e top 
of the towei^ as woter yapor» tite kime 
prrneiple as when you see vapor from 
your breath oh a cold dqy. 

The 372-footrhigh natural draft cooling 
towers at Threii. Mile Island will stand as 
^ servants of , life, preset ond future. As 
gigontic OS they , ore/ they really ore very 
' )ple,>machines, especially when com* 
red^} wi>)i> the complexity qf the^ other 
^ p^s- if the stqtion The "what" and the 
*'how''V^f~^^ese devices ore explained 
briefly in diagram . below. 




Tfce hybMrbelicWurel dreH cuollng. teilrert at Three Mile Island are, in effect hufe 
^imneys which; for most of their 372 foot beifthl. consiM of a reinforced conercte 
shell The hiore complicated part of each structure is contained In the bottom 40 feet^ 
the portion shown encircled in the cut-away above. 

• The kef wei«r enters^ through theHnlet tl)fat the tap of the crossflqw water eell 
eoqnpletely encircling the base af the tower Air flowing through louvers (L) and up 
Uirough the giant tawer. cools the water (W) as it trickles dowl! through the cross- 
flow Ailing. , • . V - . . 
f Ihm cooled water is then returned lo the plant for re use in coiUlensing the ateatn 
•Muftitsting from the turbines. , . • 
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Three Mfle^^lsland Noclfwr Genera^ Stition 



The iranefer of heel Irom the reecior to the tteem pneri 
prodyeet tremendoue qumthi« o( hkif^prwmf mtm. in the 
turbine buUdirii. fhe ueem Wieia ipl^ lufMne Wedn, «imin| 
buft turtoinef • 1800.'//NohittQra per minuie {10 tume per 
BndtT. The co nne ct|y tfielt of the fintraior ;«oietee e coM 
ol wifei within e meineli end electridtv HcNvt. Trenefonnerf In 
tfw Mibeteilon eMp up, the i«oIIJ|b for tonf-dtitenee t rene m iiiio n . 




uied up mueh ol im enerfy in lumlnf the «b. the 
nam Jam-pnmtm neem li condeneed to Uquid lori— end Mot 
bedi to the Mem tenereior lor re-uie. The iveier which coolt 
dw MeeMi^ beeonwi werm^ end It 'tent io the -coohn§ tower 
Trieklinf down over whet eeeim to he thbuMndi ol «enei»an 
bNnde, e mil pwconteft ol the weier evaporeiee. coolini the 
remeiii d ei. The purpoie ol the hu^e lowor It lo ceuie e d(«fi 
which win eid In the eveporttion end cerry dw heet hi^ mtu 
e on o t p hert. where it dibipetet. The cooled weler cen d>tn 
be recycled to the con dtrietr to cool more iietm. 
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CONTAMMCNT STRUCTURE 
CONT/UNMEHT ENC^OSURC 8HEU 
CONTAINMEHT BUILOMQ CRANE 

iCAinoR vEsaa 
^ Control rod machmery 

REAerOfi COOLANT pipes^ . 
PNEaiuRIZER 
reactor COOLANT PUMP 
STEAM QCNERATORS* 
.MAIN8Te)Ui LMES' 
MlAttEB WATER TANK 
IPUEL KAItoUNQ BLOa 

amir PUEL STORAOE Pool 



14. PUEL MAMPULAtOR CRANE. 

PL A T F O fi d .BRjXIE. A NOWT 



PUEUMPPMOAREA 



16L TURBME BUUMO 

If MAM 8TCAM PTNQ 

16. Mm PRKMJRE TURMIfE 

IOl MCWTURC SERMIAIOR^ 
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M. .El:iC1llfcM.8URirfl^ 
'tX HNM VOLTApE TlM||>.llEElOil UNA 
14. CQNDM0I 
a6L^ COOLMd IMAT8I LOOP 

[h. coolmtomr 
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THREE MILE ISLANQf^NUCLEAR STATION 
FACT i^HEET 
(As ofWd-Wi) 



JNIT NUMBER ONE 
818,900 kilowatts' 

.137 feet 

201 feet ■ 
3.5 feet 



1 

■ A ■ 



CAPACI 



NET CAPACITY • 
REACTOR BUILDINGS 
Outside Diameter 
OMrali Height 
Wall Thiclcness 
-REACTOR VESSELS 



UNIT NUMBER TWO 
904,500 kilowatts 

V . 138 feet 
20Z9fiBet 
4 feet 



-Outside Diameter: 15' 8*^ 

'' Overall Height: 41' 3," 
i Weight: 804,500 pounds 
' Vhtl Thickness: 8.4 inches 

FUEL ' 

Uranjum dtoxide, 2 '1/2 - 3% ewiched 
Foim; Glazid pellets, 1 inch long, 1/2 Inch diameter 
- Number: 144 pellets in each 12-foot long fiiel rod 
.fi^Rods: 206 in eadi assembly ' 
FueMjjwmblies: 177 in each reactor, 
each Wlti^ long and,T5 inches square 



CONTROL 



Control rods in: 69 of the' 177 Vu^ i^iA^Uies 
16 control nkU in each of llm 69 iimn!i6lie& 
Boric acid mixed with reactor v^ter (Cheiiiicil Shii 



PERSONNEL 



Approximately 155 for both unltj . ^ 

COST :• ' ' ' • ■ " . 

Total PHect - Over $700,000,000 | 
- COMMERCIAL OPERAJION 



THE CASE FOR TH^ BREEDER, excerpt from 
National Journal. CPj?, July 17, 1971. 
V . ■■ ■ 

Promoters of the breeder reactor support their , 
case with three principal arguments. ^ 

They cite projections of immense incre^ 
in. demand f6r "ticiear pow^r; they argue Aat;^ 
breejder is eco^oirUcal because it produces its^ 6^ 
fuel, and further, that it is an essential next step in ' 
nuckar power development since uranium respurces , 
2^ .liiriited. . « 

They the breeder would be less 

harmful to the environment than present reactors, 

• » « . . ■ ■ 

They Say that the United States stands 
to lose its lead i" nuclear teAnology to other nations 
unless it proceeds vwth the breeder. , 

Breeder and energy needs: ^The ''federal Power 
Commission projects that the 'nation's total energy 
demands will ^^^t than <lQUble by th,e year 2000," 

Some of the demand will be met by increased 
production of ^^^^ fuels-coal, oil and gas. But the 
^eatpst increase ty far will have, to come in 
production of electricity. 

In 1965, fossil ftiels, supplied "78.4 per qent of 
the nation's energy requirements; but the FPC 
projects that theit> share of the energy market wilT 
drop to 50 per ce^t by the end pf the centu^^: y.S- 
'electrical^eiv^tatihg capacity must grow six-fold by 
that time to^T™^t the demand, according to the 
commission V'projectiori^. 

^ince ih^^^ ^re relatively few hy droelectric^ites 
left that cah harness falling water, most electricity 
will have ta be produced by thermal plants in \^ch\ 
"heat iwoduce5 strain to turn electric turbines. 

The fo5S?l fuel? now used to pro"duce heat in 
most thermal Pl^nts are either limited in-^Pply or 
V contaminating ^o^lhe envirpnment. Thus, 65 per cent 
* of the projected increase in generating capability is 
expected - jtei com^ from nuclear plants:- ^ ^ 



' * Assuiiifig that the. nation "inevitably will turn 
to nwclfear power as its most important-source of 
electrical energy, the promfSters of the Uquid metal 
» fast'breeder factor argue thi^t the cliaracteristics of 

. 'its technology ^ result iifrtpajor savaigs- 

y'-y^yy^- "j^.^^ th^ . breeder reactbrs^'^^ii AEC 
Commissioner JafnestT. l^mey, "We exfer^ our 
uie of uraHiUf^^fesen^F^^ decades^ to a thousam 
years or mof^ \ * * vk 



they would produce in using uranium and the wastes 
produced at conventronal nuclear, plariits. 

/ ■ . • * - ' *■- : 
Sayings in co^^f^of power generation would stem 
largely from the rtduced need, for uranium. A 
conventional presenfflay nuclear:; plant needs 150 
tons of uranium a year; a breeder of the same size 
would use only 1.5 tons. Over the course ©f the next 
50 years, the breeder could reduce to 1.2 miUipns 
tons the amount bf uraniufe req^ired to supply ^^e 
nation's eneigy needs* ^ - 



biftVB the side effect of reduoing^e-. 
iisc in the price 6f uranium ore, 
savings for thfe utilities. 
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Current commercial reactors use orijy^l to 2 
|)er bent in the energy in uraniuni. But breeders 
would effecU^^sly use uf to j5;pCT cen( of energy 
contained iri the ore. ' T • ' 

In addition, the breedersWuld be^^able to use 
rtutonium v^fstes' effic^^ fuel-both the wastes 



This 
pressures U 
producing 

* A reccM completed AEC cost-benefit analysis' 
concluded that introduction of comntejci?! breeders 

' in 1986 WQuld save the Unite4 States $21.5 billion, 
in power costs through the year 2020, assunung that 
the funds invested in the reactors^ would.earn 7 per \ 
cent a year if , inVlested otherwise, 

• * '. •> ''J 
Environment: Breeder reactors are expected to 
reduce the environmental impact- of wclear power - V 
plants in two ways. . 

Xhey will reduce thermal ppllution. The 
breeders will achieve a ther^rtal efficiency, of 39. per 
°cent or better, which compares} with 32 per cent for 
the light water reactors and a national average^of 33 
per cent ' for aH fossil-fuel plants, ^ 

They, also will Reduce, the escape of; 
. radiation into the^ air and water. The reactor core 
• will essentially be sealed, and the^ siiiall amount of 
radioactive Mission ptQ4ucts' noM( released by li^ 
\w|ter reactors will be largely^bottled up in the core. , 

\ [Most enviromnen^ists . cDticede ^that these 
features of &ie breeder are.attraptlVe. $Ome, however,, 
have attacked the 1 breeder *on grounds that^'inajor 
environnnental (Sisters could re^t Irqra widespread 
. handling ,of jadipacti^e pJt^tOn^U^^. The pWtohj^m 
. will have " to be stored before usCf ahd tra^ported ^ 
across thl^ p^untry to reactor s&es. In adidSt jpn, there 
Will be the^ proSlcm^f disposmg of tlic>bditfactWc 
^wastes produced ii( increasing quantities . by *W>e ^ . 
breeder plants,] ^ ' . ' " ' « . ' • 

International 'competition; A final argument t^t is, > 
Ukely to- surfa|fc more full5|in comhf^ nidrittis arid \^ 
years 'concemiTf.S. competition with ottier atvawped ; 
industrial countries for the ^ad in>^ t€*nb\6gy ^ 

r .m^:-. , , ■ ^ . ; ^■ '■if^ . -z/^* 

* :^ While -the ;iUnitedV*Su# does not liavc a y 
monopoly (^x^e sa^ oC Utfht ^^«Uer rcactbrs^Jt ha^^ 
far ovcrishadowed all other jcytrntries. General Elebtm 
Co. and Wcstkigjiousc Co^. ^ve sold J7 LWRs 
abroad to ;date. >\ , ^ , - — ^jj^* 

. There are now, howvcr, six nations^c Soviet 



Union, West Germany,Britain, France; Japan and 
ltaly->yhich have embarked on ambitious programs 
to demonstrate the technical. ^^i^k OOixisnidtcial' 
feasibility of breeder reaCtoij. ..f. > * 

For the period 1978-81, all .except- Japan 
expect to complete construction of liquid,nietal fast . 
breeder res^ctpr plants of lOOo megawatts [el^tric] r 
or more. This is twice the sis;^ of the demonstration 
plant planned here. » - ^ 

' Commenting on this: Worldwide effort, GE 
executive Karl Cohen s^i: "I thir^ the U.S. 
demonstration program, though somewhat shwer and, 
more cautious, will ultiniat^iy pay off in better 
results, the problem, how^er^ is not in the program 
but in -the political arerUi^" ^ 

'*We are faced with a political, intellectual and 
social climate in this courttty fhat is hostile to^nuqor 
new technological efforts like the breeder. So it s hard 
to say how fast ^ will be able to proceed."^ , 

V 

Cohen is general mariager of QE's reactor 
development division. 

California's Rep, Craig flosmer, the ranking 
House Republican on the Joint . Atomic Energy 
Conunittoe, s£d: "Welljf we don't build them, then 
well end up buying .them from other count^i^ and 
further eroding our position the lead nation in high 
technology." 

FAST BREEDER COMeS UNDER ATTACK 
Excerpt front Industrial Jiesearch, June, 1972. 

In government circles today, the most-i^opular 
'solution to, the impending energy crisis is the fast 
breeder reactor; tije Uraniwji^238 device that not 
only produces power, but also breeds. odore fuel than- 

it uses. v^J^Sf^ ' ■ ^ 

t Inqiwsed fimdiit^^^^^ 
Conrmiisisioit liqufd ' nli&^f^^ ' .t??ctor 

(IMFBR) program, inmipii^^ of a 

demo'nstration plant in l^'tS^Ssl&i was a central 
theme of the/'Ptiteident's I97l energy message. But 
now the breeder concept . Is coming under ' attack. 

: . • ' ■;■ ^ t ' 

.^ Central to the - driticistti has -been an analysis 
of the ABC's claims for the^ breeder by Thomas B. 
.Cochran, a physicist fcr the Washington think taiik, ■ 
Resources for the Future, which questions iilany of 
the economic assj^jiptians- the cbnuiussioA used. to 
justify its fidJlHn breeders. 



' y Other <)iGiti|i)s have focused on potential^haaards 
of conuner<MK!bree(to reactors. Their: fears were" 
summarized' in ^ reinstatement put but by thirty 
prominent scienti»lB^fcluding Nobel Laureirtes Linus 
Pauling, Harold Urey, James Watson, and^George 

"fhe JLMFBRJ reactor s cooling system* will 
utilize' liquid sodium, which is highly reactive and 
t>urns on intact with air or water/' reads jthe^ 
Statement. ^'Breeder reactors ^are< inherently more 
difficult to control .than today s commercial fission 
reqctorSf th^y* operate ^ctHser to the melting point of 
their structural matefials, and they generate and use 
ntucB larger quantities of plutoniunt Phitonium has 
a half-iife of 24,000 yean (urui is one of the most 
toxic substances kriow to rhatL** 
'••'*.' 

^ J • The AEC's critii:s,db ^ot ^o as far as to remove 

• -breeders from contention as, energy sources- fot the 

• future. They do, however, call for the ACE tb spend 
more 'money on *^such basic problems as reactor 
sadfy, waste storage} and \. phitonmm 
rimagement"^ well as alternative energy sources 
such - as soiv power, fission, and 
J[nagnetohydrodynaim 

The AEC's^ reply to it^ critics is that jts 
" ' economic and safety cdcidjifjwhs are correCt-that 
there is an inimediate need to develop breeders 
: because the diernative ensr^ .sotirges are either' 
inadequate or tod far ^from cptnmerciiil developine'nt« 
and that safety precautions are sufficient To Jack 
up its |K)S]tion, ihe.j^ency notes^ that' it has-been 
, ' trknsjwrting and stoiing {riutomum for iriore than a 
quarter of a century, as part of {he nation'^nuclear 
' ;weapons program, with an essentially perfect safety 
record. Ajid Jthe agency loses, no^diance.tb (dug the 
excellent * en^romnentat qualities of breeder 
reactors*lhey prdduce no air pibftution aijd only;, 
mininial /thermal |>olhilion. ^ " ^ . 



itl^e 2 
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.(Khran^ suggests, for e)cample, ttuticne agency 
;used an unrealistic .discount^^rate nh ' ea>nom 
projections; that if undibrel^iliated tl^e cb^ent bf 
iji^nium reserves inj&e U5;^ that il^xwrisstifn^ 
the demand for electric power in thi^ last de^^de of 
this century ^en« the bfcedeis sho\d4 become truly 
economic, and that it skated over the costs of the 
advanced tedlnblogy thijit wiU be nw^cssary tobring^ 
breeders to commercial use, " ' 



V. ■ _ • 



THE NUCLEAR FUEL CYCLE 



The major ^tep? in a nuclear fuel cvcle are 
presented schematically in Figure . Because each 
reactor concept employs^ its own fuel cycle, this 
/ figure is generalized iq order to present briefly the. 
basic principles involve^ 

% To begin the cycle, uranium is mined by 

* conventional mfans and is then shipped to mills 
where" th'fe uranium is separated from the extrarteous 
bulk material and concentrated. At this point, the • 
. . uranium compound is refined dnd converted to 
' % gaseous uranium hexofluoride (UF5) and sentlto one . 
of the government owned gaseous, diffusion plants, 
t 

Enrichment is the process by which, the 
^ r^'cpncejitration of fissionable tiraniiim. is increased to : 
ii^rp .i-dSsirabl^ l^vel. At present the only way to produce 
•j^ \6ignificant qi^ntities of enriched uranium is 4|he_^ 
V -^^ gas^s tli^f^ some investigSrtiift'^^ 

p^-' ^r^ being cSurried Out to determine the feasibi^^^- 

l"' V of ^§'^ceiiktf ligation . The, gaseous diffu sion PtoceS' 
1^^^ that the lighter ^*^UF5 

' ^^^^ 'r^ses^X^^^ faster- than the 238uF6. By 

Jt^* '/ passing .thejUFfi thfotigJ^-;^b^rtain numb^ of barriers, 
-•'/^ ttic =*^iTe(f en>iehni<qait-ir^ obtain typically, the 
- * ":J^QPcer|tralioa of 'lJiBniui»-235 is increased'from 0.7 
" JP^k^ ^ 1jte;'j1igtiiYalfy occurring uranium to the " 
v7," Jt'^i^^^i^^nrio five per, cfent levels which are used 
^ * in nuclear power plants. 

"if ft ■ 

The gaseous diffusion process is the only part 
of the nuclear fuel cycle that is not done b^ puv&te 
industry. The electric power companies pay a service 
charge or toll for the enrichment. : 



The next step in the cycle shown in Figure is 
the fuel preparation, in wHich the output of the 
diffusion plant is.converted to U02and shaped into 
pellets. , ^ 

. ^ The fuel fabrication step is one of the most 
<^ expensive, tepresenting a|most 1/3 of the fuel cycle 
cost. This cost^is due ^&rtly to the fact that there 
are so many type^^ of fuel rods and fuel rod assemblies 
and partly due to the requirement for exotic clodding 
materials. The latter is imporitant since cld^jdding 
. represents the primary jpontainraent for both the/pel 
in the reactor, and later for the fi'ssion producfs«» 
which build up as the fuel is used. 

-The heart of the nuclear fuel cycle is 
reactor itself, which has already been discusse 




Following this phase, the complexion of ^„ 
fuel cjtele is drastically altered. The fuel elenients tha. 
are withdrawn from the reactor are now highly 
jadioactive as the result of fission product generation 
afid, -fyrthermpre, the fissioh products produce so 
much heat that cboHng is required. 

Bas^jcally, the funcfion of the reproce6sing step 
Js to separate the unfissioned uranium arid plutonium*" 
frotn the fission products, ^ % 

After reprocessing, >the . currently unusable 
fission products will be fed into the waste 
riianagement program discussed in Chapter 6 . The 
'fissionable uraniuhi and plutonium are then sent iS^ 
the ^conversion enrichment and fuel preparation steps% 
of the fuel cycle, depending on the nature of the 
material and the demands of the fuel cycle. 
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REACTOR SAFETY STUDY 

. AN ASSESSMENT PP- " 
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Section 1 • . 

•J • . ■■'.^ . 

Introduction stiid Resftlts 



The Reactor Safety Study was sponsored 
by the U. S. .Atomic Energy Comm^ssion''- 
to' estimate* the public risks that could 
be involved in pd^ential accidents in 
coxfimercial nudlear power plants of the 
type now in u§e. It .V^s performed under 
the *' independent direction pf professor 
Norman C, Rasmussen of the Massachuset 
Institute of Technology,' The risks h^ 
to be estiLmated, rather « than ' measured^ 
because althotigh there are" about 50 sue 

•'plants now operating, theire'*Siave been no?, 
nuclear accidents to date resulting in f 
significant rej-eases of .'radioactivity in 
U.S. comiu^i^cr^V nuclear power plants. 
Many of the -methods used to develop 
thes€?^]| estimates are based oi\ those that 
werfe *^ developed by 'the Department of 
Defense and tiol National Aeronautics and 
Space Administration in 'the , last 10 

'years* an3 are.j.coming into increasing use 
in recent y^'ar^^* - : 

. •' . . ■ ' •( 

The ol^jeciive of the study was to m|ike a 
realist:^ -estimate of these t:\,^s and, • 
to ^ovjrae perspective, to comp'^r-^ them, 
with non-nuclear risks to which our 
society and Its IndividuaaJ^ ax.0t^ ;'al ready ; 
exposed. This inforroatSSbn* ;My ^be off/ 
help in detenrtining the f ut\ir^.^relia/)5^€|^ 
by society on nuclear power .Sis Source ' 
of electricity. . ■ '..^ '?^^*( ' 

The results^ from this study suqiig^st-p 
the risks to the public^ f rom'**;^teOTi' 
accidents .".in r 
comparative li^ s; 
4:he following c 
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^c^^iWed in tl>e^£isi;v3:<is|'<^^ ^ : ; 

^^'^^^gur e s vl" ari^' ^lr2 '- -sh^^e 1 i^/. J 

. ^'''\ to<j><J -and; vnijmoiber o^) fa±atl;i,fc1^ 
..' ;^>bfoW nvclea^:. and .a;'V||:jj4,at 
V nuc^gar accf4en1;X>fi:i>i 
' ' V i^T^ 9 At e tha t iion'^nU^lciais ^e ven t s a r 
yDO^ut :\ 10,000 ^ times y likely' to 



' ^ V Wr^jdii^e l^rge numbers'^ot „ fatalities 

b> iftFigiirer^ shctws '^the l|k^lil)<^^ and 
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The possible 
tial reactor ^, 
to ,be no larger ,y|6id 
much . smal ler , . \/S:^ain 
nucleaf accidenyts ^' 
are predipte;?. . to 
people have beeri led to beli#ye by 
previous stuqlies which deliberately *^ 
maximized estimates of thesfe -^^j-conse- • 
quences . | ' ■ 
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The workv originally^ sponsored by the 
U.S.-»Atomic Energy Coit^missiori, was com- 
pleted under , the spo?isor3hip of the 
U.S. Nuclear Regulatory Commission, 
which caine into beirxg on January 19, 

1975. • V 
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shown 

thoS^' tljat wgitild be ]p|^ 
within 'a' -shor^'period^J^ 
p^te n ti a 1 : rWc tor 

done to *^iroj7ilie a conaistentif^fcortpaS^|pro 
to the nprLjrnuclekr events^' ^fl^^iich also 
cau^e totaijfties in the ; samedL tii^e 
firame. ;jj^^|Sn i^cleai^r'^acci- 
• dents, th^fire alsr^ exicat possibilities 
for injuries' afla lon^^r^ term health 
effects from non-nucL^nH ^QS^ 
Data or predictions <%f fl^f 
not available fcfi: ndhrrfiJcl^Bkr. events 
and so comparisons ca^nnpt * easily be 
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■ ; ■ 3." Fof natural and marr c^jtffd occur rencei th« uncertainty 'in prob-> 
' • , ability of targeu redo/ded consequence magnitude n ittim*ted to 
' fpprew'ntr^ by'Tacljori pf J/20 arid 5. ■SmiMer mjgnitude* have [eii * 
. uncertaiivty. ■- ' 
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■ repre*Mmed by factor^ of 1/4 4nd 4 o*^ ton»¥J|i;»enc«^ajjnituch^^ 
and by factori of 1/5 and 5 dnj^obabilit*j»; ■, . "^^^'-'^^S^ 

* the Mt 0 te^ year f otf ^hixihivthe;^^^^^^ 

jtfe re miibulated ' 'When this iVujjJy . -.-^^itilB*'^^'^- 
flI&rfoJPed. ^ The. ..predicatoto$ .^rixlfle^^r 



' ' i.- :, the cogt .-of reilocatirig :people 
\ ■" away from contaminated area^^ 
.i " ■ ■ ■ . . ." - , * ' ■ ,' 

2^. the decontamination of'/ , land - to 
avoid oyerexposing {^epple . to 
^ radioactivity. ' 

• ,3. the cost olE ensuring that people, 
are not exposed . to potential.' 
sources of radioactrvity ,in foody 
■ . and water supplies i' ^ ' •. 

• • ■ ' ■ 

In addition €o the overall risk informa- 
tion in Fi^d^. 1-i through 1-3 , it /is 
useful to .vpjansider thp risk to individu- 
als of bei?^'- fa t^dly injured by varioqsr'. 
;typea of accidents. The bulk of the in- 
formation shown in Table 1-1 is taken 
trpm the 197 3 Statistical Abstracts'^of 
ihe U.S. and a{ip(Lies to the vea r ±969 » 




iqmiftorfil 

5^ty:^;« 
EectteT 
acf9a.<3eht9^• 




^fcqident .yisks are'v^g^ ^^n 
^* to . oth^ pdasible 

■ S|5^ ^opuro . bej caused" ^y^^^^ \ - - 

, Tfiesej^ ihcflyde injuries^' 'ainid' loag-tei!|n . 
helilth effects such as qanc^rs^ y^enetic ? 
q^f^Q^, ^nd-t^'roid gland ilinMsr ''TAe} 
n^rly, illne'si^«cpected,,in pbtejxl^i 
ci4entsjwdul#^e aboiS,t 10 timi«^s; lajgEfe 
"as tli.e jM|(;aXities showg^n Rdgl^^l-1 ana * 
l'^!2^ .comparison fiNfre are*. 8 million 

in juri€^ 6aused ^ajinuaTly by otjier -Occi- 
dents. The nuiM>er>| of cases oi^§erietic 
ef fj^ctJS and long-t^Hi cahcer . fa?taiities 
is predicted ^to siftller ' than the 

normal.- incid#iiM^ r^te of these- diseases. 
Even fot a large accideUt^ the small in- 
creases in these diseAes WoUld be dif- ' 
ficult to .-^etect from the rhormal inci- 



•ijje^ce rate**: 



if 



ERIC 



m 



Frequency of Property Damage; due; to 
Natural and Man-^Caused Events; ; ^^^^ 



Kloi'oi«l. 1.< Pfbperiy^mage diM? to. auto accidents it not includ(>d.t>ecauM!; ciaia 
.■{ df#,r1^t iiSiJ^bfe for Jovv prqfcqbi'hty'ewertti Aulo acci.dciiti cju>« 

''■ • aboU|a$T$^ni6n djmagv each year ■ . .' » ' 

,•■ ■ ^^tpreifyt/d-bv tactorj 6( 1/5 and 2 on cbnwquenoj magnrtutie* and 
by taclpVj pf 1/Band S on piobabilirtes/ J = 

; • • . i" ■ 3. F6/;' rwiuf a;) >nd Marj cauwd occurtencej the unccrtaiRty 'fi P'Ob • 
abi^tj^^Atsrgesi. recotded coniequenc* magnilude u V itimatad; to tje> 
■ ■. reprerilrited by factors ot 1/20 anO 5. Smaller maqniludes have teiV 
V lirvcerUlrttV. « , - . . < ' • * ' " , 
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1/1,000,0QP — 



1/10,000,000 



Property Damage (Dollars) 



T^LEmJ?/ •AVERAGE J^ISK fATALITY BY VARIOUS CAUSES 

tu_ : : a : 




Motor Vehicle 
Falls 

Firef and Hot Substances 
Drowning 
Firearins 
Air, Travel 
Falling Objects 
Electrocution ' ^ 

Lightning 
•yornadoes 
Hurricanes 
All Accidents 
Nucleat Reactq 
(100 plants) 



'Accidents 



Tptal Number 






Individual Chance 
per Year 


55,79l' . 






1 


in 


4,000 


17,827 






1 


in 


10,000 


. 7,451 






- 1 


in 


25", 000 


6,181 






1 


in 


30,000 


2,309 






1 


in 


100,000 


1,778 






1 


in 


iao,ooQ 


r 1.271 ' 






1 


in 


160 ,000 


/ i,148 






1 


in 


160,000 ' 


, .160 » 






1 


in 


2,000,000 ' 


- * 91 






1 


in 


2,500,000 


\. 93 






' 1 


in 


2,500,000 ^ 


111,992 






1 


in 


1,60.0 








1 


in 


2,000,000,000* 



Thyroid illnesses that might result frpm 
a le^rge accident are mainly the 'formar 
tiork of nodules „on the thyroid 'gland; 
these crah be . treated by medical proce- 
dures ai^d rarely lead to^ serious conse- 
quences. For, most accidents, the niartber 
of nodules caused would be 1 com- 

pared to their normal incidence rateT 
. The number that might be produced in 
very unlikely accidents would be aboUt 
equal t6 their normal occurrence in the 
exposed population.. These «would 




observed H|uring a < period of 10 to , 40 
yeara following the accident. 

While itiie - study, has presented tjie esti-| 
mated tisks"" from nuclear power < plant 
accidents and ' compared thlfejti witjjkb\other 
risks that eikist fen o^ fl^jicle^ has 
made no judgment* m tM (acctai^abil^ty of 
iiclear risks.. TJ^^idftginent as^to" what 
Id^l ^ " " 

mad€ 
tha/i 



of riik is acpeptable should be 
by a broader* sisgment , of ' society 
hat involved in IrHis study. 



Sedition ^ 



Questions and An8wet4#ibout the Stu<iv 



This sejction of the summary presients 
mote informationr about the details of 
the study than was covered in the intro-* 
ductioji. It is presented in question 
and answer fbrraat for^ase of referenca. 

2.1: WHO DID'THIS STUDY AND HOW MUCH' 
. EPFORT WAS INVOLVED? 

T^e study was: done . principally .at the 
Atomic Energy Conmiission headquarters by 
a group o£ scientists and engineers who 
had the skills heeded to carry out the 
study's tasks. They came from a variety 
of organizations,- ijvcluding the AEC/'-tihe 
na'tional laboratories, private laborato- 
ries, and universities i About 10 people 
Werq AEC- employees. Th'fe Director of the' 
§tudy was Professor Norman C. Rasmus^en 
of the Department pf Nuclear' Engineering 
of the Massachusetts Institute of Tec^-- 
nology, who served as an AEC consultant 
during the course of the study. The 
Staff Director who had .the day-to-day 
responsibility "for , the project was 
Mr". SauiVLevii^ oj^ the AEC,, The study 
was started in... J:he summer of 1972 ,and 
took^ two* years to gomplete. A total of 
60 > people^, various consultants, 70 man- 
^rears of effort, an4 about four million 
djpllars were involved. 

2^-2 WHAT KIND OF NUCLEAR POWER PLANTS 
ARE COVERED BY THE STUDY? * 

The study considered large power reac- 
tors of the pressurized water arid. Ijoil- 
ing water. type being used in- the U.9* 
today. Reactors, of t'he present genera*^, 
tion are all water cooled,* arrd therefore 
"the study limited itself to^^this tjpe. 
Although high' temper a t\ire gas cooled and 
liquid metal fast b<|Jeeder reactor 'de- 
signs are now under, development, reac- 
tors of this type are not expected^ to 
have .any signifijTant role' in U.S. elec- 
tric power production in this decade; 
thus they were* not considered. 

Nuclear powet plants produce electricity' 
by the ^fissioning- ^or splitting) of- 
uranium atoms. The nuclear reactor fuel 
in ^ which the 'uranium atpmi^ fidftion is. in' 
a large steel vessel . ^The. reactor fuel 
consists ^of about 10*0 tons of uranium. 
The uranium is ^inside roet^ rods about 
1/2 inch in diameter a nd^ about 12 feet 
long., These rods are ■forn}^ .into fue?r 
bundles of about 50-200 rddaf each. Each 
reactor* contcfcins several hundred bun- 
dles/** The vessel* i% filled witlift wat6r, 

"> 

•■ . 



which' is* needed* both to cool the fueiv 
and^^ to . maintain the fission * chain' 
reaction. *" ^ ^ * \ 

The Jjeat released iip the uranium by 
£z , ..^ . water aii^t; 

a turbipfe'. 



fission process heats the 
forms steam; the stecim turns 



to generate electricity. Similarly, 
coal and <3il plaats generate electricity- ■ 
using fossil fuel t:o l^oil ^^ater. 

■ ' * ' V • 
Today's nuclear powers plants are very 
large". A typical plant has an electri- 
cal capacity of 1,000,000 ki-lowatts, or 
1 , 000 ^megawatts. This is enough elec- 
~ tridity for a city of about five hundred 
thousand people. ^ ' 

2.3 CAN A NUCLEAR POWER PLAN.T EXPLODE 
\^LIKE AN ATOM BOMB? , • /. 

No. *It 13 impossible for. nuclear pdwer 
.plants to explode *l*ike a nuclear weapon. 
The laws of physics do not permit this 
because the fuel contains bnly a small ' 
fraction (3-5%) of the special type ^of 
uranium - (Called uranium-235) that must 
Jbe used in weapons. 



2.4 HOW RISK. DEFINED? 

The idea of risk, involves both the like- 
lihood arid ^ co^equences of an event, 
^us, to -estimatei^.^he risk involved in 
|fci\^ricpc«m apt^0^l3^ij^ one would need to 
knpvf tii^vlikel^hoba* of dn. accident . in 
Lch,;^-^©!r ^e^if^ljd^; an individual^ couTd 
1|, Iniiiifed^ kille?!. Thus ' there 
are^ twdft-airfier'ent ^corvseq^ injury 
o^fatcflRl^ty , each with ^iVs own*^ likeli- 
h^^'. Foi; irijut'y, an individual's 
cilice per year is about one in 130 and 
for fatality,^ it is -abbut one in 4000. 
Tljis type of <k|ita^ concerns the rVsk to 
inaividuals and- can* affect attitudi 
habits ^that individuals have tc 
driving. - ' f 

■ [ ' " ' ^ 

Hpwever, from an overall societal ^ieV 

point, different types of data are ot 

interest. Hq^re, 1.5 million injuries 

per- I year and 55,000 fatalities per year. 

due to automobile accidents represent 

the Kind oi information that might be o'f 

use in making' aecisipns (9n highway and 

autonjobile safety. . 




The si 
tors. 

liviili 



type of logic applie^^-to reac- 
_,From. the • viewpoint' of a person 
in the general vitfinity of a 



reactor, the likelibood of being killed 
in any one year^ in a reactor accident is 
one chance in' 2* -billion,, and the likeli- 
hood of beiing injured in any one year in 
a reacto?^ 'accident is one chance in 
7,5/00Q,000i J ^ » • 

•V."' i> . ' ' • 

• .V^. • • • 

2.5 WHAT CAUSES THE RISKS ASSOCIATED ' 

WITH NUCLEAR POWER PLANT ACCIDENTS? 

The risks from nuclear power'^ plants are 
due to the radioactivity . fqrmed by the 
fission* .process*. In normal operation 
"Inuclear power plants release fminute 
amounts of thrs radioactivity ufffter con- 
trolled conditions. In the event of 
highly, unlikely accidents, larger 
amounts of radiBactivity could be re- 
leased and could cause significant 
risks. 

The fragments of the uranium atom that ' 
remain after-'-it Missions are radioac- • 

* tive. These radioactive atoms are 
.called fission products. They disinte- 
grate further , with the release of 
nuclear ' radiations. Many of them dpcay . 
away quickly, in a matter of minutes or 

.hoprs, to non-radioactive forms. Others 
: decay away more slowly and require 
Sitfonths, and in a fe;w cases, many years. 
;-t:Q d6cay. The fission products accumu- - 
^iating in the fuel rods include both 
gases and solids. Included are iodine, 
.ga^es like krypton and xenon, and solids 
-like cesium arid strontium. 

2.6 .HOW CAN RADIOACTIVITY BE RELEASED? _ 

Trie- only way Ijiiat potentially large 
amounts- of radioactivity could be re- 
leased, is by melting the fuel in the 
reactor core. , The fuel that is removed 
from a reactor after use and stored kt 
the plant site 'also contains consideft- 
abie amounts* of radioactivity. Howejver-, 
accidental releases from suchsused fuel 
wete foundf to *be .quite unlikely and 
small compared to potential rel^ses ; of 
radioactivity -from the fuel in>^he« .re^- 
, tor corew ' *\ 

' The safety desioin of reactors includes a 
series- systems to prevent the over- 
. heating of fuel arid to control, potential 
releases of radioactivity from th6 fuelX 
Thus,, for a potential accidental release 
of radi^oactivity to the' environment to, 
occur, there/must_be a serie6 of sequen-. 
tial "failures that would Cause, thof*, fuel, 
to overheat, lE^nd release its ^r^dio4$.tivi- ^ 
ty. .There would, also haVe'. tc be fail- 
ures in the' systems designed to remove 

* ^" and conta'in the radioactivity. . » 

The study has examine^; a very large num- 
ber of potential jp^ths by which poten- 



tial radioacttive releases might pccur* 
and has identified those that. determ|he 
the risks. This involved defining ipie 
ways ''in which the fuel in the corp cdGld 
melt and the ways in whi*ch systems to 
control the release of ^ radioactivity 
couldwf ail. " 

2\^ ftO^ MiGJHT A CORE ^' MELT ACCIDENT' 

i><fll|2|uR^^. . • _ • 

V-t. . 'iV i V' -tfi . ' . . r 

It is \signif ic^tit that in ^ some .200 . 
^reafftorTyears'^o^ qpfmuercial operation' of 
reactors, of the type considered in the. 
.( report there have been no fuel maM||ng' 
V accidents. To loe.rt the fuel ^®^^^^^1BP . 
; failure in the pooling system or^TOe 
: < occurrence of a. heat imbalance, that 
Would ailow tl>p fue.l to'heat up to its 
melting point, about 5,000®F. 



To those unfcimil,iar with the character*- 
^ istics of reactofs, it might' seem that 
all that is required to prevent fuel 
.from overheating is a system to promptly 
stop, or shut-down, the fission process, 
at the first sign of trouble. Although 
reactors have nsuch systems, they alone 
are not enough since the radioactive 
decay of fission fragments ip the fuel 
continues to generate heejt (called decay 
heat) that must be removed ^ven, after 
the fission process stops. Thus, redun- 
dant decay heat removal systems are also 
provided in reactors. In addition, 
emergency core cooling systems- (ECCS) 
are provided to cope with a series of 
{)Otential but unlikely accideVits ,j caused 
» -by ruptures in, and loss of vcoolant 
^^pm,''the normal cooling system,,. 



The Reactor Safety Study has. defined two 
'broad types of situ^itions that>hiight 'po- . 
. teiftially lead to a meltiAg of the read- . 
tor core: tHe * loss-of-coolant accident 
(LOCA) and ti^'ansients. In the event of 
a potential loss of coolant, the normal 
cooling water "woul*d be lost from the 
cooling systems and core melting woufld 
be prevented >by the u^f of €he emergency 
core cooling system ' (ECCS);,. However, 
melting could/ occur .in . a loss of .^doolant 
if the ECCS were to fail .to operate. 



the term ^ transient:^ refer^Mkany one 
of a number 6f conditidx^^^Kph cpul<|^ 
4Dccur in a f^ant and would .^S^rfe the 
Wactor to%^^be ^hiit down. Following 
shutdoTOr the dS cay heat removal systems 
would operate to k;<eep^ the , coi^f^ from 
overheating. Certain failures ill either 



the fihutdbwn or this .^ec4y heat remoya 



systemis 



so have the potential" 'to cause 
^he- core 



^ • M . • f*" 

. 2.8 WHAT PMlTURES' ARE PROVIDED IN 

REACTORS TD^ COPE WITH A CORE MELT* 
ACCIDENT? x''f' -. * ^ " 

• Nuclear , power j^Lants haye numerous sy^s- 
,tems: designed to prevent/ core mel.t^.ng, 
Purthe±faore, the^e ate inherent physical' 
. processes- and -adc^itiOnal fe^tyires that 
^come into play to remove and contain' the 
'radioactivity released from >th^ molten 
Nfue^l should core melting occur. Al- 
^ though there are^ features provided 'to 
keep the "containment building from being 
" damaged' for some <time,,/ after "the ''core, 
melts, the conta^^nment wquld' ultimately 
fail, causing a release of radioactivi- 



An essentially l^aktight .containment 
i building is provided to prevent the 
initial dispersioi]^..pf the airborne ra- 
^^iioaQtivity into trie environment. Al- 
though the containment Would fail in 
time .if the core were to melt, until 
that tijine/ the- i^adioactivity released 
from the fuel would be deposited by 
natural processes pn the surfaces inside 
.the containihent. In* additi6rt'; plantg 
' are provided with^ sy'stems to contain and, 
trap the radioactivity released withirf 
the containment; building. These systems 
include such things as water sprays and' 
pogl's to wash radioactivity put of the 
building atmosphere and filters to traip 
. radioactive particles* prior j:o their re- 
leas^. Since the containment buildings 
arte made essentially Tbr leaktight/ the 
radioactivity is cdptained as ' Idng as 
;^the buil-ding, remains intact. Eyen . if 
the building, we i;/^ to have sizable leaks, 
large-\amounts of ^he radioactivity would 
jlikely be removed by^the sy5.tems pro- 
irvided for that purpose . or "^ould be 
deposited on interior surf aces^ of the 
building by natural processes. 

•' , • . ' 

Eyen though the containment bujSLding 
would be expected to ..remain intact^ for 
some time f^l^owimg^a cc^ m^lt, even-r 
tually the molten mas^ woul^ be expecteiS 
to eat its way through the concrete 
floor into the ground Jbelow. Following 
• this, much of the= radioactive material 
v^ould be trapped in the soil; hpweytft* a; 
small afhount would escape to the^ surface 
and be released. Almost all* of the non- 
gaseous radioactivity would be trapped 
in the soil .• ' ' ^ 



accident. Such -accidents ^re- less- likS- 
. ly but could release a larger amoxint of 
airborne radioactivity / arid ' havie . more 
serious cortsequ'^'nces. T^e consequences 
of tljfese less likely accident?$\.}iave been 
included iri^ the study ? Sn.;:esul^s shown in; 
Figs. \)..-l-- through 1-%. ; , 



It is * possible to pos*tula<t^ core'melt 
.accidents, jln which, the \containment 
building would fail by oyertJressuriz^- 
^ion or by missiles created by the 



:2.9 HOW MIGflT Tik LOS^r-OF-COOtANT ACCI-. 
DENT LEAD TO A XlOftSfc MEM? ' • ' 

.'••'^ • 

.Loss of cdoiant accidents are postulated 
to result from^ failures in the noi^al 
reactor cooling water system,. and plants 
are designed to cope with* such f^iilures. 
The water in the reactor cooling systems 
is at'a very high E)ressure (between * 50/ 
to 100 times the ^pressure in . a' car tireT- 
, and if a rupture were to occur ' in the 
Pijjes, pumps valves,' or -.vessels that 
contain it, then a "blowput" would hap- 
pen. In this case some of the. water 
. would flash to steam and blow out pf the 
^v^hole.^ This could bte serious sin'ce 'the 
' fuel could melt if 'additional cooring" 
were not supplied in a rather short 
.time. 



Th^ loss Qf' normal cooling in the evept. 
of a LOCA would stop the chain reaction"; 
sp that, the amount of heat produced^ 
wpuld drop very rapidly to a. few percent ^ 
• of its operating level. .However, after . 
this* sudden drop the amount of heat 
being produced wou-ld decrease much ^jno re 
slowly and would' be controlled by th^. 
'decay of the radioactivity in the fuel. 
Although this -decrease in /heat genera- 
tion -is helpful, it would- not be-enough 
to prevent the fuel from melting unless 
additional cooling wese' supplied* .. To 
. deal with this si.tuation, reactors h|Pve 
emergency qore l^Jifeopling systems (ECCS)-. 
whoee function i8«'.€6 provide cooling for 
just 1 such events. These systems have 
pumps, pipes, valvejB, add water supplies 
which^ are capable "of dealing witthreaks< 
of various ^ze?. 'They/ are!''^^lso 
designed to be redundant so 'that if sd)m| 
cpmpojifents fail to operate, the core i'an 
still* be. cooled. . 

' . • ■ ' / '; . ' 

' The study has examined a large number .of " 
^•^pptential - 'sequences of e^^ents fo456wing 
LOCAs of various sizes.' ^^C^^lmoat all 
of * the cases, the' LOCA n&^tSie ^followed 
by failures in the emergency c9re cool- 
, ing system for , fhe core pb melt, T|ie . 
principal exception tcPjihia" is the mas- 
sive failure of the large pressure ves- 
sel thalt contaihs *tjie", ^re. ' However, 

. I. " ^ • " • 



<the. accumulated experi^h 
, vessels, indicate^* th^t,^ 



ce witfi pressure 
th^%,V the chance ^qf 
such, a failurelPls small. In fact the 
study found. that the likelihood of pres- 
sure veesel failure was so small .that it 
did not contribute to the overall ri^H 
from reactor yaccidentsJ 



2.10 HOW MIGHT- A ra:ACTOR T^NSfENT LEAD 
TO A^CSTRE ME&tf'^' 



-* 

) 



The teem "reactor, ttana lent" refers ^to a 
' numbei; of events* £hat '.require the reac- 
tor Xt^ be'^.shut d<iwm. TheSe cange^ /from 
nonna^l shutdowi) • for 6uch things a^ re- 
fueling to such 411^1 anned but expected 
events as loss of power to the plant 
^ f rom * the utility ^ transmission" . lines. 

reactor is designed- to cope with* 
uApTanned transients' by automatically 
^uttin^ . down. Fol lowing, shutdown, 
tooling systems would be j^erat£d to. 
Remove* the heat produced by'the raaioac- 
tivity in the fuel.^ There are • several 
different cooling systems capable of re- 
moving this he^t,^ but if they alL shoul'd 
fail,' the heat !being. produced would be 
sufficient to ^eventually boil- -^way all 
the cooling water' am d melt the cor^. 
'. ..** 

In addition to the abpve pathway to core 
•melt; it is also possible to postulate 
core melt- resulting from the*. failure of 
the ire'actor shutdown systems following a 
transient event. In this case it ;'would 
be possible for.: the amounts of heat 
generated to be;^»i5uch that the available 
cooling^ systems might no't cope with it 
and. core melt could result. 



' .2.11 HOW LIKELY IS A GOREl- MELT 
ACCIDENT? 



; The Reactor -Safety Study carefully ;exam- 
iried the. various pa^h's^eading • to 'core 
melt. ■ Using, methods dev^lop'ed in recent^ 
-'years for Estimating th^ lijcelihood 0/ 

sucT> accidents, a probcibilityi of occu^ 
. irjent^etwae delierm^in for* each coreA^^l^ 
;^k*6cident\ ideBt|)^ied. These •pcotoBoili-- 
ties were cbmb^r^ed to obtain , the tolynr' 
probability:' of melting ithe.cbre. The 
• value obtained was about one -in 20^0 00 
per reactor per year. With 1*00 reactors 
- operejting//. as is anticipated foik the. 

U.S. . by" fiibbut 1980>; this means that the" 
^^'*<ri5hance for one such acci^at is ^one irv 
' ' 200 per year, . 



2.12 WHAT IS THE l!|ATURE OF 'THE HEAMii / 

effecjs'that La core .meXiI? accident 
. . v might produce?, . 

It is>possible for a potential 'cor0\fnelt 
accident to release enough radioactivity 
so' ,that -some fatalities Alight 'occur 
WitJ>in short time (about one year) 
after that adcidenf. Other people may be 
exposed •.'fc^. radiation levels which wouJ.d 
produce "ibbservable effects which would 
require medifcal ^ttenticjn but . from which 
they 'would recover. In addition, some 
^eoprle may, -receive even lower exposures,, 
^iWhich would 'produce no" noticeable* ef- 
fects but 'might increase " the incidence 

'of 'certaip diseases over a period of. 

7 m^ny years. The ^bservabl^ effects 
' which occur • shortly after the accidervt 
are called early, or acxite, effects. 

•Bhe delayed, or patent, effects of ^radi- 
ation exposure cO^ld' cause some iticreasie 
i-n the incidence of diseases such as 
cancer, genetic effects, and thyroid^ 
gland illriesses in the exposed popula-^' 
tion. In general these effects would 
appear as an increase in these diseases 
over ai 10 'to 50. year • periojd following 
the exposure* Such effects may be dif»- 
ficult to natice because the increase is 
€»xpected to be small compared to theri., 
normal incidence rate of these diseased. • 



'The studj^'-has estimated the increased*^, 
incidence <J>f 'potentially fatal ckncers 
over the 50\years .following an accident. 
The nuinber of latent cancer fatalities*' 
are predN>ted tp ^be^ re-latively .small 

. compared • to their normal incidence. 
Thyroid illness refers mainly to small/ 
lumps, or nodules, on the thyroid 'gland. ♦ 
The nodules at^^treated by medical prb- 
cedur.es ti^at sometimes involve' simple 
surgej:y# ' and these Are unilikely to lead 
to seri'ous. consequences. Medication may 
also be ^jneeded to supplertent the gland 
rUhctibn . • \. * ^ ■' ' ^ 



Radiation ris recogni^e^ as^ one of the > 
factors that can product genetic effectg -o 
whicb a^peai as defects in a subse.quentL>v 
generation. . Frdtrt* the total population^ 
©ptposur^e caused by the accident, the 
expected increase in genetic effects 



subsequent gfenefations can be' estimated. t 
These, effects are .predicted to be^ sma-1" 
compared to theif normal inei^enc^^ rate 
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2ol3,.WHAT ARE -THE MOST LIK^ILV CG^E- 

QUENCES OF A CORE MELT ACCIDENT 2r-. 

As; stated, the. pro^>ability of a ' .core ^ 
melt aco=ident^ is on th« average one in' 
20,000 per reactor per.'^ear. The »mp8t 



■ 3 



likely consequences of ABuoh, in accident 
Are ^iveh below. IvS*- 



most" LIKELY CONSEQUENCE^ OF A 

* \ CORE MELT ACCIDENT . . ' . 

■ : I ' ' 

ConsequenqaP. 

<1 ■ 

c Defects per, year <! 



Fatalities 
Injuries * * < 
Latent 'Fatalities per year 
Thffoid Nodules per year' 
Genet:ic D«^"'-*'« -^^^ • 



Property Damage 



(a) 



c$lVO00,000 



This does » not include <|ainage th'aty'/ 
might occur to the plant or cpsts for; 
•reTplacing the power generation lost 
by such damage. . . 

2.14 HOW DOES THE AVEI^GE ANNUAL FTES^K 
FROM NUCLEAR ACCIDENTS* COMPAR^ ' 
TO OTHER COMMOl^, RISKS? ^ - 

Cdns'idering ^he 15 million people who 
li^e within 25 miles oi current^ or plan- 
ned u;s. reactor ' sites, aftd t^^sed on 
current accident rates in the' U.S., the 
annual numbers of fc^talities and inju- 
ries expected from various sources are ' 
shown in the table below. , 

* 'ANNUAL FATALITIES AND INJURIES-* 
EXPECTED 'AMONG THE '15 MILtlON PEOP^LE 
LIVING WITHIN 25. MILES OF U.S. ^ 
REACTOR SITES 



Accident Type 

iCatomdbile 

Falls' 

Fire 

Electrocution, 

I^ightning 4^ 4 

Reiictors *(ioa 
. ; plants)* , 



Fatalities 



uries 



1,^00' 

't5'60 

;/:9o 



375,000 

•75,d'00 
M,0)pO 



20 



NUMBER OF FATALITIES 
' .' ./.ANO^'' INJURIES ''expected AS A RESULT' 
OF A CORE MELT ACCIDENT? ^ 



^A >cOrjB^m^lt accident is similar to^^tns^y 
.ot:hdr;jjbyRe8 of major ^accidents sucfi ^as 
^*i>e*B,^- expiosions, - 4am' failures, e^^^ , 

1 ^- ■ . . ' ■■ ^ • •••• .'S!;/?^^ V 



. |.n :that, § wide range c|f consequences is * 
ppissible depending; on .the. exact condi- 
tions under which the accident occups.- 
Ii> the case of a core melt the cbriser 

^ quences would depend mainly^"^ on <»' three 
faotofs: the amount of radioactivity' 

^released, the way it is dispersed by the *, 
prevailing weather conditions, and the 
number of .people ekposed" 4:0 the" ' radia- 
tipn.. With .these <(hree faqtors known, 
it is possible to make a reasonable 
estimate of the cohsec[uehces. _ 0 

The st,udy calculated the health effect% 
'^nd [the prbbability ' of occurrence for. 
140,909" possible combinations of radio- 
active release magnitude, weather type, 
and population exposed. The probability 
^of a^ given release was-'determined- from a 
. careful examination of the probability 
'of various'' reactor... system failures. The 
probability of various weather condi- 
tions was obtained from weather data 
collected at many reactor sites. ' The 
probabiJ.ity of various numbers of people 
being exposed was obtained fropi U.S. 
census data for current ^and planned U.S. 
>reactpr sites. These thousands of com- 
. putations were carried out with the aid 
of a lar^e digital computer. ^ ; 

These results showed that the probabili- 
ty of ai^. accident resulting* in 10 or 
more fatalities is predicted to be about 
1 in 3,000,000 per plant per year. .the 
pirobability of 100 or inore fatalities is - 
predicted to be about 1 in 10 ; 000^000, 
and for 1000 or more, 1 in^ 100 ,000 ,aOO . ^ 
.'The largest value- report^ed in the study* 
' was 3300 fatalities, with a. probability 
of" abpiit one in a billiort. 

i ' * 

The abovjs . estimates are derived from' a 
I contequence model which includes statist ^ 
* ' tical dalculatibna- to described evacua- 
tions ,of people ou^ o^, t^ie path of 
. airbor^ne radioactivity. ThLs' evacuation' 
^ model was developed from data describing- 
evacijations that have been performed 
dulriiig' non-nuclear events. . ' 

''. • . . . '" ' ' , 

If a grou^;;^ of 100' similaf. plants are ' 
considered, then the chance 'of an acci- 
dent . causing lO/c*^ more fatalities is 1 . 
iii 30,000 .per year. For ' accidents ■ in- 
volving 1000 or more ';^atalities «i% 
number is 1 in ^,000,000 i|>er year. In- 
terestingly,', this > valM^ coincides with 0. 
•the probability thatv jpi meteor would'' 
strike' a VtSC populatiojr center and 
cause 1000 fatalitljfs. \ ' 

.. ■ • , . - " . 

The table shgwn teloW can be ^is^d to 
compare the likelihood of 'a nuclear, 
accident " td non-nbclear /accidents that 
could cause the f sam^ conseftiuences. 

. . ' 
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AVERAGE PROBABILITY OF MAJOR MAN^CAUSED AND NATURAL EVENTS / 



Typ^. bf Event 


.Prot>ability of 
IbO or More . 
' Fatalities*' 


{Probability' of 

1000 or -More .. V 

Fatalities " " : 


Man-rCaused * 


■ ■■ *■ . 

#• > , " / ■ . 
1 in 2 years • ^ 
1 in** 7 years 
' ^ 1 in 16 years - 
- ' " '* j in iqo years 




Aii^lane Crash , . 
Fire ' ' ' / [ 

Toxic Gas 


* 1 in 2000 years 
;1. in 200 years " 
•'V in ^20 years ^ 
1 ift^TrOOO years ' > j 


Natural * ' 


#' * . • 

' ' ' ■■. 




Tornado 

Hurricane m 
Earthquake ^ 
•Meteorite Impact 

> • • ^ . • '. 


1 in 5'. years, 
i in 5 years 
0 1 in ''2 0 years 

1 in 10i) ,0QQ. ^ar*s 

I *w /.^ :"" ■■ • , 


* very small , ^ 
1 in .25 years - V*. 
1 in 50 years > ^ 
r'] /r, -'y4rT*«--=i«£000', 000 yearsV..'. 


Reactor 6 




I ' ■' / - •■ 


100 Rlants 


' . I'in ^OO^CjOO years 


\ 1 in 1,000,000 years 
: *^ * V 



as 



man-caused ' -as^^^well 
Many of ..tJi;€!;f^,^:p^^ 

his.torical 



i These include' 
natural events, 
ities "*are .obtained •fr.omj 
records,^ but others are ^ so "srrjaiX that no 
such , event' has ever been observed. ^.n 
^ the latter cases<» fhe ' probability has 
> / been calculated ^using techniques- similar : ^ 
.to* those :;used for the nuclear plant. 



and this only" in the case bf larger, 
less likely accidents;. These nodules 
are /easily ■ diagnosed ahd treatable by 
medical or surgical procedures. The 
Incidence of other effects yotlld be low 
and^ should -not be discernible in view of 
the* high^ noi^mal inciden<je of these two.; 
diseases . ' « . . 



erJc 



In re<g^d to injuries from pptential- ^ 
' nucleaJpTower < plant accicleixts , the. ritun- 
ber of ""injurieis that woul4,^re.qu'i»e medi- 
cal attention shortly af t!fer an accide'nt 
is about 10 times ISirger.^than the number 

of fatalities predicted. .» 

*^ . ' ' • 

2.16 WHAT IS THj: MAGNITUDE OF THE' LATEI^T ,^ 
'OR LONG-TERM, HEALTH EFFECT^S? 

A^ with the^shiQfrfjhterm effects,, the in- 
•cidence of *latJ|pn/t' cancers,, treatable 
'latent thyroid 'illness, ^and* genetic 
' effects . would vary wi^h ^' the exact 
accident conditions. -The' table be loW ^ 
illustrates the/j^j^^^iJti^l ^ize of such, 
events. J|The;>^;^^ shows th^ 

consequenbe's tWt'^I^Ov^ be produced by- 
<:ore melt acc:^&Bnt&/i the most likely of 
.which .has • bnd''^^^hance in 20.aC)00 per 
redifctor per year of occurring. The 
second column ghows the consequences for - 
an ' accident that has a chance ;o£ 1 in"a ' 
million of occurring. Th^ third columns 
shows the normal ^niidenpe rate. . 



^Iri' these accidents, only ► 
. 'of tttyroid nodules woiildJifc 




induction 
servablc, . 



INCIDENCiE PER YEAR OF' LATEr^T HEALTH EFFECTS- 
FOLLOWING A POTENTIAL REACTOR ACCIDENT , 



. ' 1 

tiealth , 
Effect ^ 


' Chance per ^ « 
BeSictor -per. 
Year 


" Normal 5^*. 
Incidence 
R2Lte 
* ii? 
[ Exposed! 
Population 
(per year) 


20,0(f0>-(?^'| 


One in 
1,000,-000^^' 


Latent 
Cancer'^ 

' Thyroid 
IllnresB 

GeJietic 
Effects 


: • '-^ 

<x . 


.'liOO 


1*7,000 



^) The rates due tjO "ree^ctor gccidents ar^e 
^temporary ^njj would decr^asfe wijt^ time.' 
Th!?-' bulk of * the ' <5ahcers'-^nd>*thi^pid 
► modules: would occur over- a "fewY^ecades 
fifnd the genetic effects would ber.Big-^ 
^ *nif4canlly red^uced. ill five generations . - 
(b) This is the nbrmaifincidenCjfe that wojiia 
be' expected • f or . a* population of ^ * 
10yOOO^OpO'*p'eople who might receive ^ 
some exposure in a very Itfrg^ accideht ^ 
over the time period that thfe pcHfentlal 
reactdl accident effects might occur ./^ 
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2.17 WhKt .type op property DAMAGE MIGHT 
A CORE MEI^T ACCIDENT PRODUCE?. 

A nuclear accident would, cause no physi- , 
cal damage to property beyond the • plant 
site but may contaminate i^t wi'th radio- 
activity. At high' levels otE contamina- j;) 
. tion, people would have to\be relocated 7 * 
from their homes until decontamination * 
procedures permitted their return.* At 
levels lower than this, but involving a ' 
larger area, decontamination pi^ocedures 
would also be required, byt people would j^. 
be able to continue to live in the area. 
The area requiring decontamination would * 
involve a few hundred to a few thousand 
Square *miles. The principal concern . in 
this larger area would : be to monitor 
farm produce to keep the amount ' of 
radioactivity ingested through the food 
Cham small. Farms in this area would 
^ have their produce monitored, and any 
produce above a safe level could not be 
used. , 



1,000,000 . per plant per ye^^r of causing 
damage of . about' one billion* dollars.' 
The maximum value would be predicted to 
be about | 14 billion dollars, with a 
probability of about one in 

1,000,000,000 per fjlant per year. 

This property damage risk from nuclear 
accidents can be compared* to other risks 
in several 'ways. The largest man-caused 
'events that 'have occurred are fires. In 
recent years there have been^an average 
of three 'fires y;ith damage in excess of 
10 million dollars every year. About 
once- every two years there i& .a fire 
wi^Ji damage' in the 50 to 100 Imillion 
dollar range. There have been four hur- 
ricanes in the la'st 10 years which 
caused, damage in the. range of 0.5 ' to 5 
billion xioll^rs. Recent earthquake es- 
timates suggest .that , a one billj.on 
dollar earthquake can be expected ^in the 
U.S. about once every 50 years. 



The core melt accident having a likeli- 

. hood of »one in 20,000 per plant per year 
woul^d most likely result in little or no 
contamination. The probability ,of an 

•accident that requires . relocation of 5o 
square miles is one in 100,000 per 
reactor- per yea». Eighty per centj of 
all, core melt; accidents ^would be expect- 
ed to be less severe than this. TJi^ \. 
largest accident might require teloca- ■ 
tion from 290 square miles. In an 
accident such as this, agricultural , 
products, particularly milk\ would have 
to be monitored for a month, or two over 
an area -abotit 50 times larger until thp 

-iodine decayed away. After that, the / 
area requiring monitoring would be very 

'much smaller. » 

2.18 WHAT WOULD. BE THE fcOST OF THE 
^ CONSEQUENCES OF A CORE MELT 

ACCIDENT? 

ifs with the other consequences, the cost 
would « depend upon the exact circum- 
stances of the accident. The iost cal- , 
culated by '.the Reactor S.afety Study 
included the cost of moving and, housing 
the people that were relocated'^ the cost' 
caused by denial of • land use* and .the 
Gpst associated with the denial of usfe 
of reproducible assets such as. dwellings-, 
and factories, and costs associated^vith 
the cleanup of c6n;^amin«[*ted property.. 
The core melt accident tSvincp a likeli- 
hood 9f one in 20,000 per " i-e^ctor pe;r 
year , would most . likely ca,u«e property * 
damage of less .than .$lVPOaVoao. The 
chance. of an '^accident causing 
$150,0130,000 damage .would be about syne, 
in 100,^000 per x^^^^or p6r y^ar. ,.th^' 
probability would' fee jjabout "' 0ne "in . - 




A comparison of the preceding costs 
shows that, although a* severe reactor 
accident, would be very^ costly, the 'costs 
would be within the range of other 
serious actidefits experienced by society 
and the pi?obability of such a nuclear 
accident is -estimated to'be ^iftaller than 
that of the other events. 

2.19 WHAT. WILL' BE THE CHANCE OF A 
REACTOR MELTDOWN IN THE YE'AR 
^apd -IF^WE HAVE 1000 REACTORS 
OPERATING?" • ' 

One hiight be tempted to take the per 
plant probability of a particular reac- 
t6r ^ accident and multiply it by lOOO^^to 
,e«timate the chance of an accident in 
the year. 2000,. This is not a valid 
ca;iculation, however,, because, it assumes 
that thg reactors to be built during the * 
ne^t-25 years will* be. the same as those 
being . 'built today. Ej^erience with 
other technologies, ^uch as - slutomobiles . 
and * aircraft , for. example, generally 
shows, that, as more units are built and 
more experience is gained, the^overall 
safety .record improves dn terms of fewer 
accidents occurring per ^nit. There are 
changes in plants now being constructed 
that appear to be. improved as compared 
to the plants analyzed iiii the study.. 

2.. 20 ' HOW DO WE KNOW THAT THE ST(JDY HAS 
INCLUDED ALL ACCIDENTS IN THE 
. ANALYSIS? . 

'The study devoted 'a large amount of its 
effort to ensuring that 'it covered those 
potential accidents, of importance to 
determining the public ri^k. It relied 
heavily on .over 20 years , of , eicperience 
-that ^exists ^ in. t^e identification and 



analysis of potential reactor accidents. 
It alhc went considerably beyond earlier 
analyse'^ that have . been performed by 
cpnsides^ing a large number of potential 
fail*ures that had never before been 
anaiyzed, • For example, the failure of 
reactor systems that can lead tb core 
melt and the failure of systems that 
affect the consequences of core melt 
have befen analyzed. The consequences of 
the failure of the massive steel reactor, 
vessel* and oH-the containment were con- 
sidered for the first time. The likeli- 
hooc^ that various external forces such 
as earthquakes, floods, and tornadoes 
could cause accidents 'was aleo analyzed^. 

In addition there \are further factors 
that give a high degree of confidence 
that the important and significant acci- 
dents affecting risk have been included. 
These are: 1) the identification of all 
significant sources of radioactivity lo- 
cated at nuclear power plants, 2) the 

. fact that a large release of radioactiv- 
ity can occur only. if the reactor fu4l 
were to < melt, and 3) knowledge of the 
physical phenomena which can cause fuel 
to *'melt. This type of approach led to 
the screening of thouscmds of potential 

•accident paths to identify those that 
would essentially determine the public 
risk. 

While there is no way of proving that 
all possible accident sequences which 
coritribute to public / risk have been 
considered in the study, the systematic 
approach used in identifying . possible 
accident sequences makes it unjLikely 
that an acci'dent was overlooked f which 
would significantly • change the ^overall 
risk. " . \ 

2.21 WHAT TECHftXQuks WERE USED IN 
PERFORMIIJS THE .JSTODY? 

Methodologies *6velppad ovet ihe past 10 
^years by the De^artJiient of Defense and 



the National Aeronautic s/knd Space Ad- 
ministration were used in cthe stu^y. ' As 
used in this study, these techniques' 
called event trees and , fault trees-,, 
helped to def i.ne potential ^ accident 
paths and their likelihood of occurence. 

An even^ tree defines an initial failure 
wilfhin the plant. It then ex^ines .the 
course jof ever>ts which follow as deter- 
mined by the operation or -failure of 
various systems that are provided to' 

^< prevent the core from melting and to 
prevent the release of ra<%Lc^qtivity t;o 
the environment. Event trees vjere us^el 

' in • this study to define thousands of 
potential accident paths which were , ex- 
amined t;o determine their like>ihoo/^' of 
occurrence and the cimount of radioactfiv*^ 
i^y that they might release. 




Ihood 



.trees were used to determine the 
of failure of the various 
identified in the event' tree 
it paths.' A fault tree starts 
t)ie definition of an undesired 
event, such as the failure of .a sys.tem 
to operate, and then determines, usin^ 
engineering ' and mathematical logic, the 
ways .in which the system can fail. 
Using data covering 1) the failure of 
components such as pumps,* ^pes arid 
valves,*. 2) the likelihood of operator 
errors, and 3) the likelihood of mainte- 
nance errors it is possible to estijnate 
the likelihood of sys-tem failurgjf even 
where no. data on total sy<^em»ailure 
exist. m 



The likelihood and the size ^of radioac- 
tive releases from potential accident 
paths were used in combination with the 
lilcelj-hood of various weather conditions 
and population distributions in the vi- 
cinity of the reactor to , calculate the 
consequences of the various potential 
accidents. V , " ^ 
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CHAPTER 4 



. -:^^VoSSIL.FUELED ELfeCT^ GENERAtING STATIONS 
'General Op<eration ^ 



' Mkny pilHofl* of years ;ago th? earth laid^down 
' thick deports of organic materialsj^ Undej K^l and.* 

pressure^ these 'materials became tpal, oil and gas, 
^composed mainly gf hydrogeli ancif carbon. When' 

these fossil^ fuels BiiTn, they jelease heat energy and . 

produce carbon dioxide ind water vapor, 'plus 
' by-p/oducts , such sulfur* dioxide, oxides of 

nitrogen, '^unburned' jiyd'rocarbons, carbofi monoxide • 

anrf ash^ ' ' J ' f - 

Most large»fossil fuel-burning plants' are similar 
in desijgn, (Figure 19). Fuel' in tbe fprm of crushed, 
coal, , oil or gas/ is blowh uridey highjpressure into 
a SiDilcr. where flames ahd hot gases pass over and 
arounti .thousands of tubes. Wa^er inside the tubes ' 
is cotivefted io si^^m. ' ^ * 

. Part 'of the fuel's energy is trartsferr^d to steam; 
part of it cennfains with tfif* combustion' products 
which are discharged to the atmosphere; and part of c 
it is lost by cotnl^ctldn Snd conduction to ^ the 
surroundings.. _ \ ^ ' 

^ Steaip from the*, bcdlej^ is into a turbine, 
where part of its enej^gy \^sxonverted into^nechanicSl' 
energy, while the remainder is lost in the condenser 
^nd 'to the surroundings, tlie mechanical -energy 
prod'uced the Uifbine drives the electric generator, 
where it is converted to electrical energy . Again som*' 
Ic^s occiirs in the conversion. The joverall therntal 
efficiency for /most ^^ecently.-built steam electric ^ 
plants falls betwOtn 35 and 40 per icent. In an average 
fossil-fueled steam electric plant, 5^87 *p<^^ out' of 
9,000 Btu's are lost in the production of one kilowatt 
hour of electrical energy. ^ * 

• One of the'most noteworthy develop/nents in 
fossU^el generation ir>. -recent years has been the 
incfeasei^ plant size^ from about 300 nle|awatts to I 
2,00Q megawatts. Tliese, plants have increased tjieir / 
. efficiency by going . to higher steam pressures and ^ 
temperatures. ^ 

t » '' ' ■' 

^ Fossil-fueled gi^erajing plants must be located 

to insure that an adequate fuel siipply is available ; 

' fos. the .life of the plam.^The total .cost of fuel over' 

the . life - (s^fjji^' plant will normally be the most 

imjportant single consideration in tWe Selection of the 

type of fuel and the plant site. / * ' 

2 ' Natural Gas-Fired Power Gehera'tion 

Gas is considered the cleanest'of the fossil fuels, 
since it is essentially methane. Which can be readily 
and completely buht'ed to parbon dioxide and water. 
It usually hai a very low sqlfur content. The burning 
of natural gas creates little noise, water or»^airv 
pollution,, with the main pollutionybcing th^oxides"^' 
fdf nitroger^Yprmjea in the combusti6n chambe/froif 
the nitrpfen and oxygen in air. Transmission of gas 



is normally through Undergrotin^ pipelines, which are 
reasonably safe and have little environmental impact. 

.jf . «■ « ' 

* 'Unfortunately, nalural gas is being used up 
faster thari new ri^rves airrbeing discovered. Electric 
.utilities 4re amoim the fist to sufier from^ the growing 
deficiency. By/1990 there will probably b6 none, 
available 'foy^kcU'ic utilities. Morfe and mpre, .the ', 
natural ga^ill havei to be' supplied by Oil 'and coal 
gasificafk^n and from places as far away as Sibferia/- 
Thus,.hQ ne^y natural gas-burftlUg ^ower plants afe' 
bfeing planned or built-. , - - ^ 

.V 'I ' ■ - 

3. Oil-Fired "Power Generation 

. ^ ::< . ./ ■ ^ 

'f o'producd' 2-,30O megawatts of electric powerK 
a 'company would usually ii^stall twtu^l-fired 
geherating units. Each .unit , would coipsi^of an 
oil-fired generator afid a rtfhe?t turbine 'gen^^rator, 




In each of a stati6n's two' boilers, ste 
prodoced by. the" burning of residuiiiiiel oil. 
: power,^ 559,000 'pouqds of fuel ojl would 
consumed 'per: hour, kua year; the^ plant wQuld 
'require about foi;jty 10D,Q00-ton iankers <3f pil^ A 
^month's supply 6t oil stortd at the *plan1 'wpuld 
require five; tanks -SO; feet jiigh and* 300 feet in 
diameter,, covening 40 acres. Thi^ area.«w6yld be 
tsurrobndedl by' a dike in ^jase the tank's should spring 
' a leak. Other facilities -include pumphouses; pipes, an 
unloading dopk for < barges or tankers and waste , 
treat^hepj facilities. 

'I^MGcause- oft la^ of economical technqloey 
yiifg, sylfttf fxSki , coal, ' m^y utilites and 
ms-especiaHy in the nprtheasterri states-turned 
P,meet 1970 Clean Air Act reqVirements^ The , 
?m.u? t}^e:biHWing of nuclear power plants his 
mthis ^tirdeai?rthrml resources^ ^ 

Wells in^he United States (except Alaska) are 
currently pumping oil kt capacity, and still thef' 

'demand for oil canhot be met by doi^estic sources. 
Already the United States imports riftrly one-third 
pf its oil; Those responsible f^r** national security 
.Worry about 'becon^pg dependent on foreign oil 
sources," specially ofl-rich, politically volatile* Middle 
East sources. In ^e. fall of 1973, the U. S. had a 

- sampla of whaf it is like v^en Arab states cut off 
oil shipments. The eipbargo then was* not completely 
successful, and our dependence on imported oil was 
not as gpeat as it would have been a few years later^ 

Economijits also worry about tl\e huge increase 
in the balancc-of-trade deficit if we \um "increasingly 
to foreign supplies of oil. For exampl6» Saudi Arabia 
has more crude jwl^'ieserve^ than the United States 
and Latin AmCifklb^ In fact, Saudi Aribia 

and seVM^f^^OTcrfSil-producing countries;^ arc now 
c^ing'vflli^^from .oil sales to purchasjp a major 
US. corporjftion each year, if our government yould 
,,'Hdlow such purchases. 



r-' In addition to the oil supply problem^ ther? is 
also a problem of reftnery capacity. Most U.S. 
refineries a^e running 'at maximum capacity. There_ 
are no longer sufficient overseas refining capabilities^^ 
dock, and teoninal facilitfe? , or tankers to wie'et* 
increased needs. Super-sized tankers and ports\arje 
needed for receiving increased oil shipments. 



Competition exists for the available oil. For '\: 
example, because ;0f an increase in the numbec of 4- 
cajs, plus engine modifications to reduce, emissions'' ! 
and increasing ^se of air conditioning and _4)Dwer ^ 
accessories, gasoline consumption has; incf^e^i, 
thereby reducing the capacity for fuel oil prodiiption. 
Oil and gas are rapidly becorhing too v^uable tabum 
directly and the nation mu^t, begin- to think in tSrfns.lJ 
of conserving them a§ raw materials for inaking ffie ^ 
chemicals and foodstuffs* needed in the ftib'ie distarit;' . 
future. ' . . ; 

■ /' ."■ . -■ ■ ■ 

, • On-shore ■ oil prcyduction /afely creates any 
significant pollution problems, although accidental 
pollution sometimes occurs when^ells blow out or 
when ofl is lost-in storage or transportation. Off-shore 
■^ operations present more problems wifh oil spills and 
fires at: the wells. ^\ " 

Oil-fired plants in tJ}e.;;United States usually 
jburn imported, low sulfur residual oil and are located 
' near' the coast, >vhere there are facilitiesior unloading 
large, tankers.^ Oil spills and 'discharges from tankers 
need ta be prevented /along with the contamination 
of inland waterways and harbors during the transfer 
of 'oil between,, or from, vessels. 

4. Coal-Fired Power Generation 

A statio;i designed to produce 2,300 megawatts 
^of power from poal would*'use two coal. fired units. 
The station is similar to the oil-fired station, except it 
contains a. coal-fiTed steam generator rather than ^ 
oil-fired genera tot. The plant would require coal from 
approximately 59,800 freight cars of 100-ton 
'capacity each year. Coal' storage and handling 
facilities would occupy about 25 acres. 

Oil and gas supply tlireenquarters of U.S. energy 
needs, including transportation, and domestic sources* 
are in short supply. On the other hand, coal 
represents three-quarters of the fossil fuel reserves but . 
supplies only. 20, per cent of the U.S. energy. Coal 
is found in 38 states, and there are some 1.5 trillion 
tons of known reserves (Figure 20). The Unit^ed , 
States has more known coal reserves" than the. rest 
of the free world combined. 

v* • ' * 

On the face of it, this substantial reserve should 

last fbr fiundreds of years. But coal offers special 

problems. It is the worst offender in producing sulfur ' 

compounds, which are harmful pollutants. Tjiis 

problem is discussed in Chapter 7. . ' 

Furthermore, getting coal out of the ground 
'without major damage to the environment has 



'^.vbeftomc'^ serious problem. iLjnder^roui^(|| oal niines 
\-^have polluted .the water table, hltbord^l'Tires.and 
\caused 'millions pf acre's of surfac^ land'Jb subside, 
• ; .t>reakinfg roads and se\yers and . cofljap^in J buildings. 
sUlfidengroun^ joining is' a hazardoii^^ipduswy in terms 
of . mme accident3 and disabling .bjack Jwg disease. 

\. f :' ^'i^ ■ * 

Strip fining is safer aqd much cheajfer-it costs 
only about half as much to mine by striding as by 
V deep mining. Currently, about 50 per cen^of all goal 
•■' comes f?om strip mining. But strip mining destroys 
landscapes' and 'Can pollute river- arid wat^r isupplies 
with sit. and acid mine drainage. It i^f possible, 
hov/ever, to prevent much of 'this damage^ through 
proper land reclamation, adequate drainage and' 
..plim ting, to, achieve soil'stabrization. Supportejs of 
..^-^ougf^t- antistripping . legislation estimate that 
itieaniii.ful reclamation of strip' mihes would add less 
Mhan I'S cents per.month*t<» tlie avprage consumer's 
■ electric bill. Some s'tates now have partial bans on 
strip mining, ,and ^ others ♦ have some type of 
reclamation requirements. But 'pf the more than'1.5 
million acres of American land strfpped for coal, 
two-thirds are unreclaimed; and ;thes& areas keep on 
-producing acid drainage, ero^on and esthetic blight. 

Delivery *of coal is often . hampered hy a 
- shortage of railroad hopper cars' and the closing of 
mines by strikes. ;' * 

Since transportation of coal is so expensive, • 
some utilities are building 'pow^r plants atop the coal 
mine and sending the electricit^. io market by wire. 
For example, ; : . many 

Philadelphia-Baltimore-Washingtpn consumers gel a 
portion of their electricity fjrojrn a trio of ^ huge 
mine-mouth plants near Chestnut Ridge, an immense 
coal-bearing mountain in Western Pennsylvania. An 
added benefit of constructing a^plant near a coal mine 
is the ease of ash disposal. Tlie'ash can be used as 
back-fill during' reclamation pf the goal fields. 
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CHAPTER 5 . ' . 
-BASIC ECOLOGY : PRINCIPLES 'ap3d lAlPLICATION? 




\: What is Ecology? 

The term *^cc;/o|;y'' is widely used today, but 
'often it is only vaguely understood. We hear that 
pollution has "damaged the ecology'' and that we 
should **sav9L.the ecology." What exactly is this 
ecology? Recently, people have become increasingly 
aware that all living things ate greatly influenced by 
their environment. Ecology^ is tha stuay of 'this 
relationship of an organism or group of organisms to ^ 
^"ch other and to (heir, environment. More simply, ^ 
ology is»environmental biology. 

Z Nutrient and Energy Cycles 

, Circular' rhythms called cycles are basic to the 
health and maintenance of the environment. Sunlight 
provides the ep'ergy source ^fqr all ^ese life cycles. ^ 
Radidm energy from the sun is^ absorbed by plants ' ' 
and is used for photosynthesis arid growth. The plant 
uses minerals from the soil and water. When the plant 
dies, the energy (now converted into plant tissue) 
enters the soil and provides food for decay-causing 
organisms. These -organisms relea^ into- the soil 
FKitrients that were once ,held in the plant. The 
. nutrients are then free to be absbrbed by other plants 
rooted nearby; continuLng the cycle. Inorganic 
nutrients which were ofginally in the soil, such as 
- calcium and phosphorus, are part of this nutrient 
cycle.. 

Every organism represents a Artain tropic 
(foo'd) level in this cycle of nutrients and energy. If, 
for example, the plant is eaten by 'a rabbit and the 
rabbit is eaten by a fox^ the cycle becomes more 
complex. The nutrients will eventually return to tJ^ ^ 
environment, but they may trayel many compleV-^ 
paths. be(pre they^do. The relationship of who eats 
what or whom is called the food chain. Usually a 
system is quite complicated, and there are many 
. .possible food relationships. These ar^morq ac^rately 
cailpd a food web, illustrated in Figure 2}. Jys more 
organisms enter the food relationship, the food web 
becomes more complicated; and the more 
complicated this ener^ relationship becomes, the 
more stable the relationship will be, increasing the 
chances for healthy maiatenance and survival. For 
'exaipple, if a'^fox has' tfie possibility of eating not 
only a rabbit but. a sqidrrelpr a mouse, his chances 
of survival (or hi^ stamlitMl within th^ system) is 
increased. - v , 

* The levels of production and consumption can 
be illustrated in aaecological pyramid (Figure 22). At 
the base is primary input-radiant eriergy from the ^n 
and raw materials such as water and minerals. 
This base supports the primary producers, the plants, 
wHich in turn support herbivoresf^r plant eaters. 
Herbivorous , jfhimals ^re the food source of 
carnivore?, the flesh eaters, and these carnivores may 
be the food, sou/ce of other, c^ivores. The 



herbivores jind carnivores together are called 
consumers. As plants and' anmals die and drop out 
of ^the pyramid* they are attacked by -decomposers 

^ (usually decay-produdAg bacteria and fungi), which 
reduce the tissues to their chemical components in / 

.--thc-s^iL* where 'they re-enter the cycle through uptake 
by growing plants. 

Much usable energy is lost as it passes from 
one l^el.of'the pyramid to the nSxt in the form . \ 
of fgod^sThis energy is lostylargely in maintaining 
the life of the organism through respiration. 'As a ' 
ger\eral rule,' only about 10 per cent, of the energy 
^t any one levels will be transferred to the next level.. 
Primary producers are not limited by this energy loss, - ' 
because tjiey obtain their energy from the.sun,-apd 
.herbivores are usually not limited flu&^to the presencje . 
of the primary producers. But*" the energy lo^s can - 
cause fpod^ shortages which affect the abundSnce of . 
carnivores^' n. • . . * ^ 

3. ^Communffles and the Ecosystem 

A community is composed of all the plant and 
artimal species that live and interacf in a particular 
environment, A pine forest with its assoeiated dants 
and aniip^s.is a community, as art anopen prairie, 
a tropical rain forest, a lakean4<lpond. Each 
community, a u*nit ^wh it tr J^ an usually function 
independfffrtly''bi^^^ community, is composed 
of pia f^species vM£h can grow in the environmental 
concCSons present (amount gf sunlight, temperature, 
rainfall, 'soil^ type,' etc.). The animal species in a 
community must be able to. live under the same 
environmental conditions and be able to obtain 
energy from the plantS'^or other anim^ presertt. A 
system- of relationships between a living biological 
community and its nonliving physical environment is» * 
oalled'an ecosystem. " » . * ^ 

All conmiunities originally' developed on bare 
soil. An open field soon becomes covered with grass 
and weeds. Then shrubs take Yoot, and eventually tree 
seedlings grow up through the^hrubs. Finally, a 
forest may stand *where there was once^n open field. ^. 
The forest -may undergo changes until, only a fe^.^..^ 
dominant species of plant life remain. If left 
undisturbed, this forest community will maintain 
itself indefinitely by recycling of ritecessary Nutrients 
through the- food webs in its ecosysteih. Such a forest , ' 
is called a climax community. It is the final product 
of what is called succession. Succession refers to thq 
replacepient o^one' community with another, more 
complex one ,^ as conditions permit? Therefore," ? 
communities are usualj^ chaliging systems, with the * 
goal of becoming a climkx community. Wl^t 
constitutes a climax commuiiity will vary, depending^ 
on environmental conditions. When ^e * 
westward-moving pioneers saw the ^vast tall gr^s 
prairies of the midwest, they were seeing a climax 
comrajinity, which could not pr-^gress beyond ^ 
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grass! afld berfauset. of lack, of water. In other casesj^ 
teniperat;ire/ light and^oil can be the limiting factor 
restricting . cdmmunity development through 
succession. ^ . 



; 4. EcoJogical Balance 



f 



All ecosystems, whether they are composed »of 
one copimunity or many communities; maintain 
themselves' through a complicated system of patural 
control and balance. For example, geKain animals are 
directly dependera on plants for foooiand shelter. 
These animals are in turn the source offobd for other 

• anipials-a pr^ldatory-prey -relationship, Such 
predators are necess^y to keep the animal population 
stable. Very young or old prey, as well aS sick and 
weak ipr^y>. easily caught .by predatqirs, who 
naturalty , expend only as much energy as necessary 

♦ to obtain their food. This removSf of the weaker prey 
increases the overall strength or tfte*prey population 
while maintaining the predator populalioit. By the 
same principle, only tho h&allhy pr/s^tor can 

'consi^ntly catch its ^prey, so, that the 'weaker 
members dp^ not survive. *Such a relationship proves 
to be mutually beneficial^ Should animal^p^pulations 
become too large tlyough some lluclualionytn the 
system, .they are-usually reduced by siarva/on and 
disease, but rarely before they cause some d^njifgc 
to the ecosystem which they occupy. 

^ The mpst 4mportant factor in maintaining am* 
ecological balancfr^. is competition. * When tWo * 
organisnVs use Ihe same "limited resource, thcy'jnust 
compete for it. Such a resource coijjd be light, Avater, 
food; space or many other thirtfes. The organisms may 
be forced to share the resource, with ^either getting 
' all it needs; or possibl^j one organisn) will use all the 
resource. Such competition can exist be t;wecn, Similar 
species, between different species or between 
individuals of the same species. As the pop^latio/^ 
increases, so docs t^ie competition; all this gives a 
measure of stability) to the population.*^ * 

■ ■ V. ; 



Upsetting '^Ihe' Balance 



The delicate balance in ei;itire communities can 
be -filtered by changes in any one of. the ihajor 
ecosystem componei^ts. "^uch changes occur 
frequently _iD nature. Usually;\ major changes lake ' 
* place over long periods* of time. Dinosaurs were 
predominant on the earth for millions of years when 
temperatures were tropical and plant growth lush. 
Thea they slowly faded away to extinction, giving > 
up their place of cfominance {o the rtpwly-emerging* 
mammals. The sabei^-toothed cat. and gant cave bear 
rbartied .the Continent for thousands of years, only " 
to be replaced by the smaller, morrSi^a^table. 
carnivores which exist today. These -were . ipajor 
changes in the ecosystem, yet they happened slowly'. '^\- 
The animals that were lo^tj^ere rep^ced^by others, ' 
keeping the ecosystem ii> balance. j ^ 

l^ere are also nafi|ral occurrences which ))ring 
about 4:apid changes in the (Scos>;stem such as . fires. 
Hoods, drou^i^volcanid eruptions and earthquakes. L 
se arcncfl common phenomena, and a natural^ 



Bu| these 
balance returns in time. 



In the snort time' since modcrri humans have 
'entered the picture, however, ecological balances have 
been ui?set on a large scale. Within ^Jhe last 200 ye'ars, 
people ha^e»dammed rivers; polluted |)ceans, strean^ 
aad air; cut forests; drained swamps:,and caused the; 
extinction of many species. "The search *for mOrc 
energy sourcies has resulted in-mountains.arid pkins 
being strip-mined and left in harren rubble. Air and 
•water pollution hps rented fr9m the tremendously 
increasing use of energy^ 

. Although misuse of the «nvironmei^ has been ^ 
•going on.for^many years, we have only recently begun * 
to, understjjnd the complexity^ of environmental* 
relationshipsj It has been found thaf pollutants 
. dumped into streams adversely 'affect ccosystcrtisi 
de^roying natural resources. Many species of wildlife 
ha<^c been pusiitd to the verge of extinction through 
*^tlfc destruction of their natural habitats. When 
ecoifystcms are disturbed, the effects are far-rcaclring 
and cannot always be predicted. Fot example^ it was 
not realized at first. that^ DDT used on* crops would 
be cycled to Uie baljflea^e at such concentrifted levels 
thattlt would affect its nesting success, or thatcutting 
the forests would force 'the passenger pigeon tS; 
\ cxlincti^' •Such elimination of sj)ecies witi]out their^ 
^ succ9ssful evoluiibn and replacement is a permanent 
los||phd harms thp stability of communities. 

6. MairKaining' the Balance * ' . 

Tlic firsi step in maintaining ^hc ecological 
Ijalancc would perhaps be to try to correctMhc 

■ damages already done. Mpre imt^ortantiy, however, 
would be careful ^lann^tig^br. the future. In view of 
the .style of life we-ejcp^*c<^o^have, it seems unlikely 
that damage to^^he,^^(^ys:tcm will stop. But -tbis 
damage Q.^^^:.^tC^zt^, K^x avoided, witfi careful 
-planning and^^jce u|e of natural resources.. In ^ome 

. eases, ecos^steitis arfd individual plants and animals 
can adapt to the changes caused Jby human activities. 
In mdny cases, they cannot. Careful planning serves 
to limit or*eliminate the si tUjit ions where irreversible 
harni^ is likely to occur. ^ 

This careful planning' mu^^, be done at every 
step in the generation* of electfic^'power, including 
"the mining of fuel, the selection Jof pjant location 
and type, the* operation of the plant, the transrnission 
of tj^c electricity and the disposal of waste products. 
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' . ' - CHAPTER 6 . . 

WASTES IN THE PRODUCTION OF ELECTRIC POWER 

Heat ms a Waste Product" 



^ Heat is not normally thought of as vsc^^te, ]^ut it 
is pjt into the -environment in large amounts by 
nucl^r and fossil-fueled power plants.-Most of the 
eftergy used by hOmans is produce^^Jiy the conversion 
of heat energy into other energy forms) such as 
electrical or mechanical energy^ The efficiency of this*' 
conversion is limited by natural laws. Thus, a large 
poijion of the energy involved in the conversion is 
lost, usually in ihe form of heat. Mpdein steam 
turbine equipment •provides relatively high thermal 
efficiency compared to other engines. Even with this ' 
modem ^equipment, thf thermal efficiency of most 
electrical generating stations is slightly more>than 30 
■ per cent. This means that almost 70 per cent of the 
total available-energy is not used and must 
discarded irito the environment as heatV » 

,The problem -of heat retnoval is greater for 
^ nuclear plants than for fosjil-fueled plants. ' One 
' reason is that n'Hclear power plaxfts discharge Slmost 
all their wa^te N^eat into tileir cooling water. 
FosS^-fueled plants, oij the other hand, discharge 
aboutns per cent of thpr waste heat directly into 
the air with the stack ga«, so that only about 85 
per cent must^beyremoved by the ^water. 

The therpial efficiency of most nuclear power 
plants is ^tfgitly lower than that of modem 
fossiJ-fueled plants. Using higl^. temperatures (1,000 
to 1,100 \degrees Fahrenheit) and high steam 
pressures (1,^00 to 3,500 poun* pet square inch),* 
modern fossil-fueled plants may, attain a thermal 
efficiency of 37 to 40 per cqnt. Hoivever, less than " 
half the presently operating plants attain this thermal 
efficiency. The average efficiency of all fossil-fueled 
Blunts, the older as well as the newer, is ibpur33 per 
cent. Because o^theii design, most MciJeanVplants 

produce ste^ind at lower temgeraturtf5t(5p^^^ 
degrees Fahrenheit) and at lower "pr&q[resN^6o to 
1,000 pountls per square inch). Thus" ^tffei^ tiiermal 

• efficiency .is Ibwer than, that of th^ best^fossil-fueled 
plants, averaging about per cent. Because of this 
fowef efficiencyMi»«JHltust reject more heat. 

Today's averse nflclear-fueled plant Is larger 
than the average fossiirfueled^ .plant. Thus larger 
^amounts .of ^h^ai must be dissipated at one location/ 
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Methods' of Heat Disposal 



*'Spent'' steam, i^ converted back* to w;?ter in a 
condenser and returned to -the b'oilers,ywhere it is 
reconverted tq high pressure steam loi^e use. in the 
cycle. The heat removed ^from the spe<»t steam in 
order to condense it is ^he: waste heat refeased to the 
environment. '^^ 

^ - . )^ 
^ Condensation is accomplished by passing large 
amounts of coolixig water through the condenser. In 

^the least costly method, the coohng,'water is taken 
directly from a nearby river, lake or other large body 
of water. The cooling water is heated 10 to 30 
'degrees Fahrenheit, depending/)n plant (design and 
operation, and then returned by cooling canals to its* 
source. Usually .only a small fraction of the volume 

;A0f a body of water is used for cooling water. Thus, 
the temperature change is usually less than one degree • 
Fahrertheit at pq|tnts 1,000 feet from the point of 
discharge of th€ heated v^^ter.The body of cooling 
water eventually loses th6k added heat to the 
atmosphere. This type of cooling system is called a 
• ortce-through system. If the volume of the body of 

^ water is not sufficient, the iieated water may be 
cntic^y low in oxygen, therefoi'e favoring the rapfd 
growth *of some aquatic plants. If the temperature 
changp in thf cooling water 'is excessive, it may create 
critical ecol6gical problems. The use of once-through 
cooling is restricte/l in many areas; and new > 
installations of this type are permitted only, if the 
volume of waler allows only negligible temperature" 
changes. . 

, Other methods of cooling are more expensive, 
but they place Id^s strain on natural nvaterways. Each 
has fts own environmental effects and economic 
penalties; so tt^t the best system for^ particular 
plant must be ^cided on a case-by-case basis in an 
attempt to gain the greatest environmental bwiefits 
^t the least cost. ^ 

■ ^ 

A cooling rhethod which is finding' favor in 
many areas is the use of wet or ^dry c^ling towers. - 
In/uch systems, water is drawn from a-nearby source 
passed through the condensor, and then passed 
through a coding tower, where at least part of the 
waste heat is transferred to the air. The cooled water 
may then b§ returned to its sourcdbr be^ reused in 
, the ^ondenser. f ■ ' ' ■ 

Un wet ccAaling tjjwers, the cooling water is 
brought liT direct contact with a How of air, and the 
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heat IS dissipated primarily by evaporation. The flow 
of air through 'the cooling tow^r can be provided by 

As previously stated heat fr,. the co.bGstio.^-^Se-u^^Sr Sst ™Tc?de?toXTal'etfetrve 
ssil fuels or frbm the fiss on of niirlp^ir FmpIc i^oo^o ^^^i..^ . \^ ^^^T^^A^^^^^^^^ 



of fossil fuels or frbm the fission of nuclear fuels 
i^ used, to make steam in a steani electric s^^tion. 
The steam drives a turbine connected to an electrical 
-generator. AS th^^fheaT energy of the s^^nMs 
converted to mechanical energy, the temperature and 
pressui'e of the steam decrease. ^This 'steam, called 



losses. Wet cooling towers for a" 1,000-megawatt 
nuclear plant may .evaporate up to 20 million gaUons 
of vater per day. A comparable fossil-fueled plant 
would evaporate about 14 million gallons. This excess 
water burden in the' atmosphere- may affect Ibcal 
weather conditions. In cold or humif weathfer, the 



likelihood of/ogging apc^ precipitation increasies, and 
iri some 6ases in doLd 'weather, moisture frdin these 
toV/ers create icing^ problems on nearby*" |j|(ant 

structures and roads.- * • 

' . •■ - ■ , 

*Dry.coolinjg towets^are 'similar, to automobile 
radiators; in that the Jijpat dissipates by conduction 
•Shd convection Hrather lhan je\^pK)rati6n. Dry cooling 
tdwer^ . probably* prpduce , the 'least environmental 
effects* of all cooling syst^ems. However, they are 
much more costl>^,'* because they require a larger 
surface area for hcaV^ ttadifer and the circulation of 
a larger volume'rof air.^TKey also reduce the plant's 
effipjency. . ' J ' 

In'^yet another method of cooling, artificial 
ponds or Takes are constructed to provide w^ter for 
circulation through -the' condensere. A 
} ,060-megawatt plam might require as much as 3,000 
acres for such 4 pond. These ponds^cfoate some iQcal 
fogging on % cold days as warm surface water 
evaporates. 

Altt^jugh these. alternatives offer orelief from 
potential themjal effects, they are rfot^ a satisfactory 
answer to the -heat problem. Thfe probable answer 
Ms two-fold: finding a use for the excess heat and 
increasing the efficiency of electrical generation to 
dgc^rease the amount of excess heat. 
* d 

• Research is under way on uses foV the excess 
■hpat. One study involves the beneficial uses of 
low-gradcf heat in compatible urban systems. An 
exampleMs the use of discharge heat to increase the 
rate and effectiveness of secondary sewage treatment 
processes. Another possibility is the use of, treated 
sewage effluent in cooling towers, where the nutrients 
can be si^stantially concentrated by evaporation^ If 
the evaporated water could be . condensed and 
collected, it could become a source of purdT water, 
while the; concentrated nutrients could be recovered 
and recycled to the envirdnment. Sea water nught be 
desalinated in the copling towers, providing^ pure 
water and' minerals. \ ^ 

. ,. Controlled heated water -has been found to 
benefit a few forms of fish life", particularly shellfish. 
Tests demonstrate tnat rejected heat can be. used to 
extend the growing season for crops. ^ 

• . ■ ' . 

Thes6 concepts and many others, such as home 
heating and cooling, are incorporated mto the idea 
off the "yVwp/ex, " 6r ''Energy Center Complex. " It 
is\, envisioned , that an entire city would, grow up 
associated with, and complimentary to, a .nucfear 
'electric power source. In thiSfi^uturistio city ^ 
practically all the reject heat would be a beneficial 
.resotirce instead of waste product. 

3. . Radioactive Wastes , - • • 

^ A great cfeal of controversy exists coricerning 
the transfer, storage, and .disposal of the radioactive 
wastes from the nuclear power fuel cycle. Some 



opponents of nuclear plants cite these as insoluble 
probfems, while other people regard them as merely 
technical problems to be solved. Certainly these 
wastes are potentially ,darig>rous. Fortunately, the 
amount of radioactive waste is small enojugh to make 
^ storage feasible. In fact, of all the radioactivity ever 
generated in radioactive wastes, most of that which 
has not decayed is still in storage. A major goal is to 
develop a technology, where these wastes would still 
be in one place, but so isolated from the human 
environment that no maintenance and only minimal 
surveillance Would be required. 

A. Sour^s of l^adipactive Wastes -in 
Electrical Power Generation 

The first point where radioactive wastes appear 
in the nijclear power fuel cycle is with the mining and 
milling of the uranium-bearing ores. More radioactive 
wastes result from the refining and enriching of the 
uranium and the fabrication of fiiel- elements. Thfe 
radioactivity in all these wastes is due to the presence 
of naturally-occurring radioactive nuclides. 

The nuclear reactor is the first point in the 
cycle where man-made radioactivity Ms introduced. 
I Large quantities of radioactivity are created in- reactor 
coolants, shielding, and structural materials by the 
absorption of neutrons from the fissioning of the 
fuel. Most of this radioactivity is of short half life; so 
that it decays rapidly. It does appear to some extent 
as a contaminant in effluent streams, in solid wastes 
from the treatment of effluents, or from maintenance 
work. 

Another type of man-made radioactivity from 
tlie nucleaf reactor is the fission products. These are 
. generated within the fuel in much larger quantities 
than are /leeded for research, medical, or industrial 
applications, and will therefore eventually become 
waste. 

The last type of man-made radioactivity from 
the nuclear reactor is known collectively as the 
transuraniun" adionuclides-materials heavier than 
uranium, formed by urahium-238 atoms absorbing 
neutrons from the fissioning of the uranium-535. 

The operating characteristics of most U.S. 
power reactors are such that for maximum efficiency, 

' the fuel elements ar6 remove^ at a time when they 
still have a potential fuel value (from unconsumed^ 
uranium-235 plus plutonium-239) of roughly one-halfi 

' their drigiiTal value. In addition, the unconverted 
uraniuni'238 is theoretically all convertible to 
fissionable plutonium-239 in the prospective breeder 
reactor program. For these reasons, the'partly spent 
nuclear fuel elements, as removed from preseot-day 
light water reactors, are gener'ally* considered to be. a 
potential energy source and not a waste. Although no 
processing of such fuel elements to recover the usable 
portions is presentljtoop^rationalln the U.S., nuclear 
engineers and economists have generally assumed that 
this would be standard; practice some day and^that 



the recovered fissionable materials would 
refabricated and re-inserted into reactors (hence thk 
..term "nuclear fuel cycle"). The* ^neCessary^ . 
transportation, processing, and fabrication 
technologies would all be. ajiapted from comparable 
technologies in the long-^rfabHshed national defense 
nuflear programs. • / 

In this recycling, th^ p'^mipeni fuel elenients 
"Would probably not be 'senJ(j^^^ processing plant ^ 
until after months of storage irf4 water-filled basin at 
the reactor. This would permit the decay, before 
shipment, of much short-lived: fission product- 
activity. TKe elements would be shipped in a rugged 
container with dense shielding material such as lead 
uranium between double steel walls. These 
containers are designed to withstand severe, impact, 
fixe, and submersion without Jo€S (3f radioactive 
contents. ' • 

At the processing plant, ^ the fuel elements 
would be chopped into small pieces to destroy the 
integrity of the very tough cladding which protected . 
the fuel in .the reactor. The mixture of fuel and 
fission products would^ then be dissolved in strong 
acid, and an organic solvent used to separate the ' 
^uranium and plutonium from the acidic solution. The V 
two fuel materials would be cherrricaDy separated ^ 
from each other and put through additional- 
purification steps. 

The remaining' acidic solution is known as' 
"high-level liquid waste." This is the most important 
radioactive waste in terms of radioactivity content, 
containing almost all (greater than 99 per cen"*) of the 
.fission products remaining in the fuel elements at the 
time of processing. -Naturally, , its management 
requires, qlose* attention, both -for shielding the high 
levels of penetraling radiation and for confining the - 
potentially toxit radioactive materials. ^ . 



B. , Radioactive Waste Management 

Some radioactive wastes may be released to the 
environment under prgsent standards. Other types of 
radioactive wastes require - varying degrees of 
controlled storage. | 

(Ij Released Materials 

Most nuclear facilities generate gaseous and 
liquid wastes (air and water effluents) which art 
actually or potentially contaminated with radioactive 
materials. Oyer a number of years, a great deal of 
experience has been developed in dealing with these 
wastes so that they can be safely released into the 
environment. The air effluents can be filtered, and in 
the case of reactors, can sometimes be stored 
temporarily to permit the decay of - short-lived 
radioactive &toms. Water .effluenfs can be treated by 
evaporation, ion exchange, or precipitation, so that 
the remaining concentration of radioactivity in the 
effluent is very low. . 



The gaseous fission product kryptan-85 
presents a more difficult problem. It is released from 
par^ spent fuel elements especially when they are 
dissolved at the processing plant. Since it is a 
chpmically inert gas, it is difficult to remove from the 
air effluent, and its 10-year half' life makes it 
impractical to store the air effluent until the krypton 
decays. Studies of possible -population ej^posures 
from krypton-85 under future expanded -nuclear 
power programs have indicated the desirability of 
removing the 'krypton-85 to keep radiation exposures 
as lo\y as economically and technically practical. 
Cryogenic (extremely low tenlperature) methods have 
been used on an interim bhsis lo remove krypton-85 
from processing plant' air effluents for research and 
industrial uses, and such methods could probably.be 
adapted to continuous operatiorf. The removed 
krypton could be stored in pressurized gas cylinders, 
or, "pettiaps adsorbed on "some suitable solid material. 

(2) :ShalloM' Burial 

A wide variety of solid objects of no value, 
containing or contaminated with radioactive 
materials, are shipped from nuclear facilities to burial 
grounds which are operated under licenses from 
either the Nuclear Regulator)^ Commissio;i or by 
certain states which operate ' their own radiation 
control programs under' agreements with the NRC. 
These burial grounds are selected after studies of local 
soil and Weather conditions have shown ap'acc.eptable 
probability that the buried radioactive materials will 
not migrate away ffom the i^ite. The radioactive waste 
is ^packagei for shipment to meet Department of 
Transportation safety regulations, but the soil itself 
and not the shipping container is assumed to be the 
confinement bafrier after burial. 

This general class of waste is frequently called 
"low-level solid radioactive waste," although the term 
is not precise. Alm9St all facilities in the fuel cycle 
send wastes to the 6urial grounds. Some df the types 
of wastes involved are as follows: filters' from the 
clean-up of air exhaust streams; ion exchange resins, 
precipitates, x)r evaporator sludges from the clean-up. 
of water effluents; concrete or othef solids made 
from small batches of radioactive liquid waste* not 
practical 'to clean up; absorbent paper, swabs, plastic 
sheeting, and similar, materials from contamination 
control or clean-up .^orkj. scrap from chemical or 
metallurgical operations; defective or obsolete piping, 
motors, instrumentation, or other process equipment. 

The annual volume of this general category of 
waste is a few million cubic feet pei^year. This will 
increase with expansion of the nuclear power 
industry, but will still be^very small compared with 
the volumes of nonradioactive industrial or municipal 
solid Nyastes. 

Another solid radioactive waste which is 
managed at the surface of the ground is the uranium 
mill tailings. Although the decay of natural uraniuiji 
eventually yields stable lead, there is a long series of 



intermediate radioactive daughter , nuclides which 
account for more than- 90 per cent of, the tbtal 
radioactivity present in a speciman of natural\ 
uranium ore. These daughter products are left behij^d 
in the tailings', which is the residue from the milling 
process in which the uranium is chernically extracted 
from the crushed'" ^nd 'ground ore, These tailings are 
normally stored on the surface ne'ir ,th« mill, graded 
and diked -as necessary to pr^event €rosion by Siurface 
^waters, and watered to prevent wind erosion. When 
addition of tailings to a particular pile has been 
completed; a vegetation covering can be added , as 
additional wind protection, ^t is theoretically possible 
for radon, ,a radioactive gas, to diffuse through a 
tailings pile from decay of" the Tadium, and disperse ' 
into the air. Studies of boffi covered and uncovered 
mill tailings piles have shown no significant 
concentrations of radon from them beyond 
one-quarter to one-half mile. • \^ 

. .' ■ 

•In the city of Grand Junction, Coloradfi, 
uranium mill tailings were used for construction 
•purposes between the early 1950's an^ , the, 
mid-1960's, including some usage as fill in residential 
cohstruction. This ^was later found to lead to^ 
significant levels of r^dpn within some homes. There' 
is now general agreement that uranium mill tailings 
should not be uied.for any structure intended for' 
human occupancy. V 

(3) Geological Disposal 

Radioactive waste which presents particular 
disposal problems m§y be expected from the 
prospective processing of partiaDy spent nuclear fuel. 
:As stated previously, more than 99 per cent of all the 
fission product wastes within the fuel^^element at the 
time of processing "go into the acidic residue from the 
first extraction of uranium and plutonium from the 
dissolved fuel. This, high -level liquid radioactive waste 
would be solidified, and then would be simply 
"high-level radioactive waste.".On a short term basis, 
there is a need for careful confinement of this waste 
because of the fission products themselves, especially 
strontium-90, "^and also a need to shield the 
penetrating radiation emitted and to dissipate the 
heat produced by radioactive decay. 

On a Long- term basis, confinement is.* 
necessitated by the presence in these wastes of 
transuranium riuclides, especially plutonium-239. 
These nuclides have two properties which make them , 
particularlyt hazardous: they decay by ennitting alpha 
particles, which are much more biologically damaging 
then beta particles; and they are retained^to a high 
degree by the metabolism of the human body, once 
int^ed or ingested. These transuranium nuclides 
(especially plutonium-239) may be expected in highly . 
radioactive waste from the prospective processing of 
partly spent nuclear fuel because a small amount of 
the plutonium in the fuel (perhaps as much as 
one-half of one per cent) will not be able to be 
recovered. , Plutonium contamination will also he 
present in the discarded equipment, ion, exchange " 



• resins, and ^ other kinds of' solid waste described 
; previously, \yheyi' they come from nuclear facilities 

where recovererf" plutonium is being recyded into 

fresh fuel. 

To staire high-level waste or transuranium- 
contaminated waste in any kind of man-mado tank, 
vault\ or other structure would require human effott 
for surveillance and maintenance over tmacceptabry 
long periods, because of the 24,000 year half-life of 
the key contaminant plutonium-'239. The only way 
to avoid putting this burden on futur# generations 
•appears to be permanent placement of the waste 
.within a deep, stable geological formation. \ The 
desired very long-term confinement would then be 
provided by nature itself. No rebuilding or repair of 
man-made structures would be needed, and the only 
surveillance requited would probably be the keeping 
of property records. - a \ . , 

In- 1970, a' sah mine at Lyons, Kansas, wa*^ 
tentatively selected (subject to satisfatory completion 
of some additional tests and studies) . as a permanent 
geological repository for high-level and transuranium 
.wast3 .However, technical questions arose as to flie 
integrity of the protective ovefburden of rock at this 
specific site, involving old oil and gas wells and 
nearby salt milling activities. These questions led to 
the abandonment' of this specific site, but the ggi^eral 
theory of geological disposal was. still considered 
.valid.- A. prbgram was then begun to evaluate 
geological formations in addition to bedded salt (such 
as domed^salt, granite, and tight shales) and to 
identify specific pfDmising sites within the better 
formatiotis. Present expectatioris are that this 
geolog,iCal evaluation program will lead « to 
,cons|jng*tion in the late I970's c^f a "pilot", 'or 
demonstration, geological repository for 
transuranium waste, with a demoristration repository 
for solidified • high-level waste to follow, not 
necessarily at the same site. during the demoristration 
phase of each of thes^ repositories, the waste would 
be placed in the geological formation in a way 
permitting its ready retrieval if necessary, leaving no 
CQntamination behind. If studies during the 
demonstration period, with a realistic inventory of 
waste in place, showed that the repository site had 
beeri wisely selected, the waste would be left in place 
permanently ;"if not, the waste could be removed. 

This approach obviously requires safe storage 
space to "be ready" in case it becomes necessary to 
remove^ the inventory in the demonstration 
repository, plus additional space for any additional 
waste not needed for the demonstration. Storage of 
transuranium-contaminated solid waste presents no 
unusual problems, since most of this material emits 
little or no penetrating radiation and very little heat. 
However, a development program has been necessary 
for the prospective solidified high-level waste which 
might be. received from commercial spent fuel 
processing plants, and three conceptual designs are 
ready for selection. Each is basically an adaptation of 
various radioactive materials, handling techniques 
already in use for other purposes. 
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* In one approach, each canister (probably about 
a foot in diameter by 10 to 15 feet long) received 
from the commercial plant would be enclosed in a 
welded steel cask of several inchies wall Thickness, 
II providing rigidity and some shielding. This cask 
would be placed within an outer cask of concrete of 
several feet wall thickness, providing the additional 
shielding needed. These casks.would be stored in an 
open but fenced -area. The radioactive decay heat 
would be removed by air rising under nafbral draft 
through an annular space between the steel and 
concrete casJ^s.. , , 

In the second approach, the decay hbat would 
still b^ removed by«a natural draft of air, but the. 
• shielding would be provided by a reinforced concrete 
yauk around a group of canisters." In the third 
approach, tte~canisters would be stored within a pool 
of wa^r in a reinforced concrete vault, with the " 
decay.'heat removed by circulating some of the pool 
water through a heat exchange system. This storage 
pool approach is very similar to the way partly spent 
fuel has been handled for years at either end of the 
transport step from reactors to processing plants. In 
all* three approaches, the incoming canisters would be 
inspected and prepared as necessary for storage in a . 
remotely operated "hot cell" similar to those used for * r 
a variety .of purposes in nuclear research and 
production facilities. . i 

A retrievable, repository for high-level waste, 
using one of the above engineering concepts and 
presumably at one of the largd existing government 
nuclear sites, would be an intermediate step between 
the management of the waste at the generating site 
and the permanent phcefnent in. a geological 
formation. Regulations of the Nuclear Regulatory 
Commission permit commercial spent fuel processors 
to store high-level waste in liquid form no more than 
five years after processing of the fuel, and an solid 
form no more than an additional five years. In other, 
words, no more than tep years after processing of 
fuet the resultant high-level waste must be 
transferred to Federal custody, with either continuing 
retrievable Sstorage or permanent placement in a 
geological formation following under Federal 
management. 

Several methods for converting high-level liquid 
wapte to solid form have been developed through the 
pilot plant " stage, and another method has been in 
routine use at one of the government nuclear sites 
for over ten years. Research is continuing to increase 
the margin of safety against dispersion of the solid 
waste material in any kind of accident situation by 
developing a more monolithic, insoluable form. 

Although one prospective commercial fuel 
processor plans to convert high-level liquid waste to 
solid almost immediately after generating it, a more 
general .assumption has been that storage in liquid 
form for at. least part of the permitted five years 
would be desirable to permit decay of much Of the 
short-lived fission product content and thus reduce 
the heat output per unit volume of . the event;jal 
solidified waste. « 



r 

Considerable concern has been expressed over 
storage of Aigh-level liquid waste based on 
experiences at the government's Hanford plant where, 
over a period of years, several hundred thousand 
gallons have leaked from tanks into the ground/ The 
radioactivity was all absorbed in the soil ben^^th the 
tanks, and did not cause any water pollution. It is 
even more imp'ortant, however, to note that alj'of the 
Hanford leaks were from single-walled tanks of an 
early design whicfi was dropped from use in new 
construction in the later ^1960^s. Conversely, there 
'have been no cases of liquid w^'ste leaking into the 
soil from tanks of the more recent double-walled 
design, either at Hanford or at' the Savannah River 
site, and there have never been any leaks from the 
tank— within-?»a -vault arrangement used at the 
government's third fuel processing site in Idaho. 'the 
regulatory authorities have taken the position that 
only the double-walled tank or" the tank^ithin-a 
vault approach will be approved at commercial 
processing plants, so that it is not correct to assume 
that the Hanford leak experience must be expected at 
future commercial processing sites. 

The manageftient of high-level radioactive waste 
is a shielding and confinement problem, but not a 
vcilume* problem. A nuclear power reactor generating 
1000 megawatts of electricity discharges *abgut 30 
tons of partly spent fuel per year. After eventual 
processing, this can be expected to yield about 65 
cubic feet of solidified high-level waste, or 10 
cahisters of one fijot diameter and 10 foot length (a 
possible practical size). From past projections of U.S. 
nuclear power growth, the cumulative inventory by 
the year 2000 would be about 80,000 such 
containers. Such an inventory could be handled in a 
single repository of practical working size, although 
multiple (regional) repositories might be sought to 
reduce transportation costs. Siiice the U.S. industry 
has not processed partly spent fuel from oveirseas 
nuclear ' power reactors* and has no prospective 
commitments to do so, it has been assumed that no 
space in UJS. waste repositories will be needed for 
waste of [foreign origin. The UJS., however, is 
coopejating in the radioactive waste management 
efforts of other nations, both through organizations 
such as the International Atomic Energy Agency and 
through direct exchanges of technical information. 



(4) Breeder Reactor ^dste yanagement 

Since prospective breeder reactors ^'are 
important in the long-term energy picture, a few 
comments on their radioactive waste management 
aspects are pertinent. Breeder reactor fuels will be 
irradiated to a higher degree than light water reactor 
fuels, anjd processing plant wastes may ^us have a 
higher radioactivity content per unit volume. This 
might require longer interim storage for decay of 
short-lived activity, or more shielding; however, these 
axe differences in degree of technology only, so that 
no new basic technology would be required. Tfie use 
of metallic sodium as a reactor coolent wifl require 
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expansion .of present sodjjjjm jfefety technology t 
include handling of / contanilfiated solid wa^es 
generated .during breeder reactor repairs. Tte 
potential exploitation of .lowrgrade 'uranii^m (and 
polsibly thorium)^ deposits for breeder reactor 
programs m^ generate\4arge volumes of mill taillngSs 
coritai/iing ver^Clgw cghcentrations of radfum» These 
tailings coul3 besTJbiMzed by methods in use today 
to prevent dispersion ^o air and water. ' *. / 

,y 4, . Wastes from Fossil-Fueled Plants 

- 'dther than a sm^ ainriount of air and tHerrfial 
pollution^ gas-fuele^' electrical generating stations? 
prpdtic(? little waste. 

.. i . , In On-shore dil production, nearly ,three barrel^ 
\ of brine pumped , from the grounAnfusI be disposed ^ 
.jSf ^ every bajrr'el of pi) produced, ' ■ 

^'/^'■M^' 'Oil-fired pbwer plants prodiice liquid cleaning 
;;«v^si2j^ drainage froni the oil stbragj^ areas^^jid liquids 
= *♦ - Jp^up^ Thepe'*^^<i^t?s are 

■ \chi|jy|^llj^ io large sediniejitation'sbSsin^V^^*^^ the 



k;> TresuJ^injg slii'dge- is chemicdjly nei^jralftedlif^j^r it is 
^-^^^i^Ovfld.to a disposal siiei. / s 

- ■ '^r-"''' ■■■.V\ • \ .•• \ : ' I \ ' i /'y^'-' V • ' V ... 
Jul €^ 'oil-fired stiat|on W( lUid, . requireVwr- quali t)^ . 
^i^sn-i^ti.. ..^ _ v tbj^aUpwablS&ve^ ^i"^. 

1/ ano^ 'part.icilfetes^, - . 



W JtOi reduce emissions 
cl4; ip dispefXe gasd^ 

" Gqii is Tesp6hsiWt' {or TaVg^ aTrfounts pl^.Vtestd 
Mention iiias^.d of thes , large > areas 

disturbed by^inihg. If ih^0 '^ep^W^^ reclaiVhed, 
they must be considere8f*^ite,';^ifge;^^ of 
wastes are. generated duriBg/^^jte washilig.of coal to^ 
improve its quality. Ovet^(S2' pdcji^nt sdf all coal 
mined each year is washed, prbdwR^ tons 
of waste annually. The^unsi^ittly piles of waste, called 
culm sometimes ignite and burn for years, creating 
air pollution. Rainwater leaching salts and acid from 
the piles can contaminate nearby streams. 

Recently the Environmental Protection Agency 
started requiring coal -burning plants to use wet 
scrubbers to remove pollutants from stack gases, 
including oxides of sulfur, nitrogen and ash. This 
produces large quantities ^ of wet sludge, which is 
extremely difficult to dry and dispose of. It becomes 
a potential source of pollution of surface and 
underground waters. 

Bur^ning 'coal alsb produces solid waste in the 
form of ash and slag. About 30 million tons of these ' 
materials are collected each year in addition to that 
discharged into the atmosphere. In its 35-year life, 
ajl,000-megawatt coal-burning plant would produce 
3ugh ash to cover a football field to a height of 
3ut three-quarters of aimile. Some of this ash is 
being used, for example, lo Jfnake cinder block, but 
other uses need to be found for the vast amounts of 
waste which are being generated. 



m 



ir3 



ERIC 



1 




1^ 



114 



ERIC 



111 



THERMAL DISCHARGES: ECOLOGICAL 
EFFECTS 

Environmental Scietices and Technology, March 

y 1972. , ^ ' 

During the past several years^ public interest in 
environmental quality as it relates to central-station 
poorer generation, has intensified. The continue^ 
doniinant . role of thermal power plants to meet 
expanding electrical demands has focused attenticfh. 
on the^ effects of power plant-heated effluents on 
aquatic life, . . 

Thus, one . of the most important questions 
being asked today is, "What are the environmental 
effects resulting, frpm waste heat additions to rivers^ 

^ lakes, estuaries; and oceans? "Possible thermal effects 
are of goncerft to sports and commercial fisherjneri • 
who want game and contmerdal species of fish^ 
available fcv their enjoyment and livelihood; 
conservationists who want the, ecosystem preserved 
Jh its 'natural " state ; government regulatory agencies 

..that set water temperature criteria and standards; and 
variouSfUsers of water for cooling purposes who must 
disch?tfge . heated water within certain criteria and 
staA^ards. 

Water Use ' " 

Estimated projections 'indicate that future 
. electric p6>ver requirements in the U.S. are expected 
to double approximately every 10 years. Even thqugh ' 
hydroelectric power generation is expected to ' 
increase, steam-electric power (including both fossil- ^ 
and nuclear-fuelei plants) is expected to supply over 
90% of the requirements in 2020. By the year 2000, 
nuclear power will supply over 50% of the energy 
produced. » 

*-•,/." 

Of utmost ihiportan^ie to the steam-electric 
power industry is available water for condenser ' 
cooling. Estimated wat^r use and projected • 
requirements, by purpose, for the U.S. was forecasted 
in the 1968 report of'the Watfr Resources Council. 
In- 1965, the steam-electric power industry' used 
Spproximately 33% of the . total water withdrawals. 
In. 1980, the electric power industry will use about v. 
44% of the total water withdrawals, and the forecast, 
for water withdrawal for the year 2020 will be 67% ' 
of^ total. Projected consumptive use (nonreusabb) 
of^rthe total water withdrawal is about 25%, while 
^projected consumptive use for water withdrawal for 
steam-electric power is only slightly greater than 1%. 

• Waste heat rejected to cooling water will be a 
function of the thermal efficiency of the particular 
steam-electric plant. .With . the steam temperature 
currently in use in large fossil-fueled plants, the 
maximum theoretical thermal efficiency is slightly 
HfyoYfi 60%. The thermal efficiency of the best 
l^rating fossil-fueled plants is presently about 40%. ^ 

Because of 'a 'lower thermal efficYency for 
nuclear plants (about 33%) cooling water 



• requirement^ are pr,esently greater -than for 
fossil-fueled, plants of the same jelectrical generation 
- capacity. Approximately 1X)% of the gross waste heat . 
is dissipated directly td the atmosphere through the 
stack in the fossil^ueled plant, while none is 
dissipated in this ynanner .for the miclear-fueled plant.. 
Thus, about 50% more waste heat is rejected to the 
condenser cooling water from the nuclear plant. 

Any method of reducing waste heat discharged 
into aquatic ecosystem^ would be useful where a 
temperature rise in receiving waters is unacceptable. 
-Several options^, can reduce waste heat discharged 
from steam-electric plants into the aquatic ecosystem. 
Although thermal efficiencies from fossil-fueled 
steam plants hav^ reached a plateau, molten salt 
breeder reactors .and;>high-temperature gas reactors 
should increase thermaUfficiencies for nuclear plants 
almost to 45%. t4lowevh*ii Ihn^e improven^nts will 
probably not be available for afeea^t a decade. Since 
a dramatic iilcrease in .theAal efficiency for 
steam-electric plant is not forecast for the immediate 
future, reveling 0r retaining condenser cooling water 
may be necessary )to reduce wast^ heat effects on 
^ aquatic ecosystems; " - . 

By utilizing projections of both fossil- and 
nuclear-fueled electrical* generation capacity, data on 
thermal efficiencies, of steam-electric plants, aricf 
water withdrawal forecasts, the quantijty of waste 
heat that will' be dissipated into the ctjfiii^ser GCoVm^ 
waters of steaitiHelectric pjants can feei^detmnined. 
The total quantity of waste heat discharged to 
condenser cobling waters, by the electric utility 
indusfry will mor^ than double ^ from the year 1967 
to the year 1980. The contributipn . of , heated 
effluents from nuclear-fueled ppwer plants in this 
time period increases . from 1% to 45%, while 
contribution of. heated effluents from fossil-fujled 
power plants decreases from 99% to 55%. 

-THfese waste- heat values should ^ placed in 
proper perspective. For example, the total quantity 
of water used for steam-electric, power for 1980 
(assuming once-throught cooling watej) is estimated 
to be 193 million galloMs per day, yAuic the estimated 
annual heat rejectionyorsteami^ for the 

same year is 1 1 ,70QariIlion Btu's. This quantity of 
heat, assuming a oi<C(»-through cooling cycle, will raise;, 
^the temperature of the cooling water approximately 
20t. Temperature incrose 91" the condenser cooling' 
water for condensers installed in the past ranges 
between 10* and 30lF. Thiil^ the estimated 20lF rise 
in once-through condenser cooling water ieems to be 
a reasonable estimate although t^s will vary 
according to each specific site location. 

Most studies directly concerning, the effects of 
heated effluents on aquatic biota at the site of 
electrical power generating stations are relatively 
recent, and few results have been published to date. 
Most field investigations are presently in progress. 

Continuing studies -of the ecological effects of 



thermal discharges have been conducted at tll^ 
4{anford' Nuclear Complex on the Columbia River 
tWash.). Thesres studies conducted^ over the last . 25 
.years were mainly oriented toward the salmonid' 
fishes because of their high value to the Columbia 
River commercial and sports fisheries. Although the^ 
temperature of the undiluted' reactor effluent wOiild 
be lethal to the fish, waste hea^ discharged by the 
Hanford reactors to the Columbia adds only a 
relatively small .heat increment to the widely variable 
seasonal river temperature (less than 4flrF to greater 
than, 65°F). Also, because of. 'ihe hydraulic 
characteristics at- the outfall and the^.swimming 
behavior of the fish, many seaward migrant salmonids 
may be swfept to cooler waters and. not actually 
'experience the *direct e/fluent plume. 

Laboratory and field studies '» concerning 
biological effects of Hanford waste-heat on salm«mds 
show *no demonstrable ^vidence of damage to the 
salmonid resources. There simply has not been any 
evidence to indicate kills or unreasonable risks despite 
^ long history of heated discharges from the Hanford' 
reactors. However, direct extrapolation of Hanford's • 
results to another site, even in the Cpli^nbia River 
system, must be made on 1)? with due copsideration 
for the uniqueness of^ach ecosystem as the snow-f«d\ 
Columbia River is/a large, coql river and not typical 
of. many U.S. river systems. 

• The Chalk Point fossil-fueled steam generating 
plant otr. the Pat uxent River (Md;^ has been studied 

since 1963. Two 33!^-MW units \ise estuary water for 
condenser cooling with a once-through Qooling 
system. The t:on denser cooling water temperature 
increase is designed to be 23*^ under winter operating 
conditions and 1 1 .5'*F during summer conditions. * 
While no majpf detrimental effects of thermal 
additions have been noted, changes have occurred in 
•^rious populations which may be attributed to 
hea'ted cooling water discharges. Equifaunal 
populations in the intake and effluent canals of the 
Chalk Point plant provide a number of interesting 
resultSic Among them was: A /higher rate of 
. .production was found in the effluent canal than in 
the intake canal diiring all months studied.- average 
production in the effluent canal was neariy three 
times as great as production in the intake.An increase 
in the maximum size of the barnacle, Balanus, was 
noted in the intake an\i effluent canals over those 
in the Patuxent River itself. During July and August, 
the warmest months, there was a decline. in the. 
number of species in • the - efflutfrit canal and the 
aocmone, Sagqrtia, and, the tunicate, Molgula, were 
not noted in ithe effluent canal, although both^\yere 
in' abundance just outside the fiffluent canal. J* 

♦ The power plant has not added enough heat 
to the Patuxent River to exceed the thermal tolerance 
of the zooplanktpn species studied. On the other 
hand, phytoplankton destruction and productivity 
suppression have been reported in the cooling water 
supply' of; the Chalk Point plant, although 
chlorination may be partly responsible for the 
mortality. Also, oysters in the Patuxent River have 



high copper levels. Th^'rate of copper uptake in the 
oysters could have, been enhanced* by the 'w^Uer 
temperature increase, .or concentrations in the water 
may have increased due to operation of the ChaFk 
Point plant. However, no major-effects on growth, 
condition, or ^onad . development were' sji own by 
oysters on natural bars near the plant. 

•At the Contra Costa Power Plant (1298 MW) 
on the San Joaquin River, (Calif.), studies showed, 
that passing v;oung salmon and striped bass througli 
cooling condensers was far less hazardous than 
screening-f them at the intake. At the sffme point, 
youn]g salmon could tolerate an instantaneous 
temperature increase to 25°F for 10' min. with no 
mortality. 

At the Morro Bay Power Plant (1030. MW) 
(Calif.) on the Pacific Ocean, healthy populations of 
the pismo clai^, Tivela ^stultomm, bave been 
Thaintained over the full 13 years that the plant has 
been in operation. 

The Humboldt Bay Nuclear Plant (1 72 MW) in 
California is the fifst ^nuclear plant in- the U.S. 
btilizin'g estuarine waters for cooling and is locate^- 
on the Pacific Ocean about five miles froip arf 
'important shellfish area. Studies at Humboldt Bay 
showed that the elevated temperature regime- of the 
discharge canal was favorable .for the natural setting 
of native oysters {Ostrea lurida), cocRles (CarSium 
corZ^/'sA littleneck clams {Prptothacastaminae), butter 
'clams (Saxidomus giganteUs), gaper chmsl (Tresus 
nuttalli), knd a half dozen other bivalves (eveh though 
some passed through the plant's condenser l^ystem). 

The effects of heated discharges frLm the 
Connecticut Yankee Nuclear Plant inio : the 
Connecticut River (Conn.) are examples, of a 
well-documented study started in 1965, about 2 1/2 
years before the plant began operation; The plant was 
designed to produce 562 MW with a temperature rise 
of 20'*F in the condenser cooling water. The majof 
thermal study areas were fish studies; benthic 
organisms studies; bacteriology, micro-biology, and 
algae studies; hydrology , studies; and temperature 
distribution predictions and measurements. 

The Connecticut Yankee Plant has now been 
in operation for about four years. No drastic changes 
have been observed to date in the overall Ecology 
of the .Connecticut River as a direct result of the^ 
addition of thermal effluents. * 

However, a statement- in the summary of all 
the ^yirorunental studies that were done at 
Connecticut Yankeje, ;€mphasizes that a5 yet no 
information is available on the* possible Sublethal 
effects of the thermal discharge. Although no fish, 
kills have occurred since the plant operation began,, 
the white and brown bullhead catfishes undergo a 
marked weight loss (average of 20%) in the warm 
water of the effluent canal despite a constant 
availablity of food in the canal. 



* • • 

Studies are being conducted at Turkey Point 
in*Biscayne Bay, Fla.,Avhere two fossilrfueled units 
of 432 MW each are in operation, atrd, Jwo'nucfcar 
plants 'of ^721 MW each are scheduled to -begin 

* openition. Heated effluents' from the plant have 
redi^d tjie» diversity' and abundance of algae and 
animais' i(n small areas Adjacent t,o the mouth of the 
efflueat pnal.,Many plants and animals in a^ l25-acre 
area wtuere temperatures have risen 4°C (7. 2°F) above 

.ambient have beep killed or .greatlj^ reduecd in 
number. In a second zone of about 170 acres, 
corresponding to the +3°C (5.4"^) isotherm, algae 
have been damaged, and species diversity and 
abundance have been reduced. - In the latter area, 

• mollusks and crustaceans increased somewhat, bu*' 
the number of fishes decreased. f 

Studies at tht Martins Creek Plant on the 
Delaware Rjver (Pa.) showed that the heated waters 
appeajred to have attHfCted fish and enabled them to 
•actively feed througnouf the colder months of the 
year to a greater extent than tjiey normally would, 
although there was no conclusive evidence that 
heated waters actually increased fish produQtion gr 
growth rate??. 

Studies at the Petersburg, Ind. Plant (220 MW) 
on the White River (ind.), report that there is no 
evidence that any Adverse effects on fishes, such as 
. death, impaired growth, insufficient reproduction, 
increased disease, and movement or lacl^of 
movement are being observed at Petersburg of in the 
entire White River with the exception of fish 
movement away from water above 93T^. 

/ ■ 

The White River has a sandy bottom and is 
quite jturbid. The principal pollutants are floodwater 
and suspei^ded material in the wafer. The major 
aquatic species at Petersburg are the spotfin shiner, 
bullhead minnow, spotted bass, longeas sunfish, • 
gizzard shad, carp, and A^hite crappie. Since sand and 
Silt are deposited^when floodwaters recede, researchers 
who studied the White River believe that money for 
thermal pollution abatement could be better "applied 
to the certain and very real need for flood and bank 
control." . ' 

Recommendations 

. ' .The ,fesult of several ecological studies around 
actual bpefating power plants is that, with a few 
exceptions,, there has not been any major damage to 
the'aquatic environment from the heated effluents 
of existing power plants. Hcfweyer, in the future 
j^ears, sk^ larger power plants become operational, 
accompaiiied by multiple units at a single site, 
envi'roni^ental management of heated efflufents^ at 
these sites will become more difficult. 

Standards' for limiting the thermal loads 
imposedj on aquatic systems have evolved with the 
expansion of the- electrical generating industry*. 
However, without feasible alternate methods to 
produce i electrical power without waste heat, there 
are only;; a limited number of alternatives. ^ At one 
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extreme is, employing methods which recycle cooling 
water and add no waste heat to natural waters. This 
extreme is not required to ensure well-balanced 
aquatic communities. The other extreme is to permit 
unlimited thermal loading 'on aquatic s^te;ms which 
wouldL no doubt' bf disastrous (based bh the 
projecledjdfse of marine .and freshwater* resources for> 
industN^ff cooling purposes). The' only option 
remaining is discharging waste heat to waters in 
amounts approaching the assimilative capacity of the 
waters in question. Heat generated beyond those 
Smounts will have to be dissipated by methods which 
recycle cooling water. Based on the knowledge 
J' available at the present time, the*last option seems 
to be the only reasonable approach. 

Pursuirig this course requiVe*stota^ commitment 
to determine the assimilative capacities of freshipter 
and marine resources. Management and surveillance 
programs will be essential as will cooperation between 
industry and ' regulatory agencies. Many factors 
contribute to receiving capacities,' and requirj^jhots 
for producers of waste heat will 'be highly vMKle 
depending on their location. Power plant sites should 
be chosen with the advice of cojrlpeteRt egologists, 
and base line ecological surveys should be^fn assoon 
as a suitable site is' selected. 

While lethal effects of heated water-discharges 
on fish and other aquatic organisms should present 
little problem, assuming proper discharge procedures, 
the sublethal effects of these heated water discharges 
may produce significant changes in populations. 
These Sublethal* effects could produce physiological 
changes that would decrease* growth rate and prevent 
reproduction. Future studies should be designed to 
obtain a better understanding of sublethal effects. 

The entire food chain is of extreme importance 
" in the balanced aquatic ecosystem. Particular aquatic 
organisms or plants that fish eat can be affected by 
waste heat from power plants. Eliminating a single 
component of this ecosystem would affect the 
feeding and growth of organisms ori all higher tropic 
levels. , ' 

Data are not yet sufficient to permit a proper 
understanding of the dynamics of this ecosystem. 
Many laboratory studies have led to understanding 
many of the physical-chemical functions of aquatic 
organisms as well as dispersion in water systems. 
Consequently, regulations based on these studies will 
be designed to minimize all possible risks of 
catastrophic kills of desirable organisms. , Field studies 
^ are necessary to determine the 'refl/-///e" mechanisms 
occurring in the aquatic ecosystems. While laboratory 
studies are a necessary part of understanding, 
• extrapolating laboratory measurements to field 
. conditions must be done cautiously. 

Answers to considerations which could alter 
regulations will have to be provided, from^ 
nongovernmental sources such as the electric utilities. 
As the assimilation capacity pf the environment is 
reached, it is ' increasingly important iq consider 



long-term effects. Modest investment ^programs 
lookitig at the ecosystem to develop and verify 
predictive capabilities could themselves pay 
handsome dividends. 

To utilizd" more' fully the assimilative capacities 
-of." natural waters tp dissipate waste heat, greater 
^Golo^cal managemdhf will be required, and 
^ ^opelators of ^team-^Iettric stations vvill have to pjay 
*. an important role. In addition to considering effects 
jj>^ heat rejection during no'rmal ^ plant operation, 
•«<^ntton must be focused on the effects of , 
I^mperature changes, eyen . though the actual 
^ temperatures may be below the lethal liniit. ^ 

An effort should be made to establish the ' 
assimilative capacity of all natural waters to be' 

' utilised for cooling purposes. Based on predictions 
from the biological^chemical, and physical studies, 
limiting conditions should* be established to 
accommodate the idiosyncrasies of each sites There 
is no substitute for on-site -experimentation utilizing 

. the resident populations and the local water. After 
a new unit comes .on-line, a, less intense program of - 
surveillance should become a matter of routine at all 
plant sittes. ; • . 

Arpnore 0/ the larger power plants become 
operative and as more sites are required, the ability 
to predict the response of the aquatic ecosystem to 
\ the heatied water discharges must be improved. The 
systems approach to study ecosystem dyifamics offers,!, 
a valuable tpal-Jo individuals who make . decisions ' 
concerning^ting and design criteria for power plartts. . 

• Criteria and regulations can only be altered* 
with confidence when accurate predictions can be 
made. The pre- and post<onstruction studies by the 
utilities, if expando<Ho consider predictive vaspects, 
offer an opportunity to obtain nfijded data on the 
system and to verify tjie predictions. 

The satisfaclory performance of existing 
steam-electric plants>^ suppbrts^ the belief that * 
controlled airiounts of heated water can be adde^ to 
aquatic systems without producing adverse biological 
consequences. Therefore, in the absence of evidence 
of damage to the : ecosystem involved, it would be 
difiicult to Justify requiring stieam-electric stations, 
which have be^en operating for some time, to install 
cooling devices because they are not meeting newly 
adopted ^state or federal regulations. vA careful 
. irivestigatfon of the issue at each specific plant site 
• should be done prior to any action being* taken. 



In order to ^understand the dynamic behavior 
of the ^aquatic ^ecosystem some long-term ^udies are 
required. Of course, there are many art^ varied types 
of aquatic ecosystems so that lypical river,s, lakes, 
estuaries, and ocean systems shoufd l}e studied In a, 
variety of climatps. Industry, and, -in particulaLAe 
steam-electric industry, should participate' in. uiese 
studies since the power plants will be the mgj^r^ waste 
' heat contributor to the aquatic ecosystem.^wSte heat 
from'the power plantsiwill become a more significant 
discharge to the -aquatic ecosystem in ihe future'; It- 
may be tljat -the effects of waste heat could be 
beneficial when other-pollutants, such as.sewag^.ahd 
industrial waste, are limitecj or removed (^is Reported 
for the Thames River in England).. 

.^Althougfi there 'I^jas been no ajiparent major- 
jdamage to the aquatic ecosystems* by cooling wate* 
.discharge, there have been ecological changes:' The 
Spmplex interrelationships of species, populatiofls, 
and commur\ities in an ecosystem i s the result o f. 
years of "evolutionary trial and error. Therefore, 
although 00 major mortalities afe noted, shifts in 
species diversity or^abundance niight upset delicate 
balances which exits, and results nught not be, known 
for years. • . ♦ . 

There are some bodies of water presently 
capable of accommodating more thermal loading 
without incurring adverse effects on the aquatic 
• bgota, while the assimilative capacities of some others 
have already been exceeded. Thus,^it is imperative 
to evaluate ^dynamic changes vvhich are presently 
taking place in aquatic ecosystems, and to be able 
to predict what is likely to occur as the etectrical 
generating capacity of the nation increases. 

Additional reading; 

Coutant, C. C, "Thermal Pollution-Biological 
Effects," J. Water Pollut. Contr. Fed., 43, 
1292-1334, 1970. . , 

Levine, A. A., Birch, T. J., Hillman, R: E., Raines, 
G. E., "i4 Comprehensive Appraisal of the 
Effects of Cooling Water Discharge on Aquatic 
Ecosystems/' Battelle Memorial Institute, 
ColOmbus Laboratories, Columbus, Ohio, 45 
pp. 1970. 
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COOLING TOWERS BOOST WATER IJEUSE 

Environmental Science & Technology, March 1971 

Water, the colorless, transparent liquid in rivirs, 
lakes, and oceans, is a major environmental conc^^n.' 
Water use and pollution increase as population atid 
industry ^Qw, until man is made aware of the 
necessity for conserving, this precious^ natufal 
resource.'- U.S. industrial rpanufacturers require'42 
" billion gallons of Water per day (gpd); agriculture's 
demand is even greater, 140 billion gpd. Utilities 
jequire 95 billion, and household use of| water totJs 
36 billion gpd. Although the water ctonsumptida 
figure will jump to 500 billion gpd by '1980, there 
wiU be no water famine if it is intelligently used " 
sa>^s Bob Cunninghan)\of Calgon Corp, . 

One major but relativ^ iinpuWicized means i)} 
conserve waier-through recychng as well as reduciri ; 
the mcidence of chemical and thermal poUution-l 
through thi use. of cooling towers. Cooling 
— tower&^liei^^ JS«M>f^blemsT-afi44he-gr^wtlviK^ 
of the industry-were discussed at the annual meeting 
of the Cooliitt Tower Institute in January held in 
I^ouston, T*x/Si.nce effluent volumes and subsequent 
Ueatment doAs can be reduced' by use of coojing 
towers, tki^ nheans of increasing the cycles of water^ 
use can tovf industry mnillions of dollars per jjeari "^ 
Jim Axsom (jf Sun bil- Co. ernphasizes. A imm.G0 
Coast chemidal processor further asserts, that cpj^^ 
towers are g(inerally more economical than a^^^ilt ' 
cooling sjystejm. r*^' > / 

Design 

cooling tower is a cami^Dhent of an open 
recirculating cooling .system which is generally used 
for cooling water that has been heated by passage 
through process^ heat-exchange equipment. (A heat 
exchanger is a metal device consisting of a large 
cylindrical shell with tubes inside the shell. As a hot 
process fluid passes through the sheU and cool water* 
flows Arough the tubes, or vice versa, heat exchange 
takes T)lace across the tub6 wall). 

Hot water, pumped to the top of* the tower 
trickles tjhrgjjgh the fUl-redWood boards or polyvinyl' 
chloride -jpaced Jn a crisscross pattern in the 
tower-which iri tprn spreads the water uniformly and 
assist? the cooling process: Air is pulled into the base 
or sides. of the tower and exhausted through the fan' 
stack. As air and hot water mix, the water is 
evaporating and condensing thus causing cooling. 
Finally, the droplets fall into the sump (concrete 
collection basin at Jhe bottom of the tower); and 
the. cooled water is ready for recycling through the 
heat-exchange equipment. (Chemicals are ad^e^ to the 
.water to prevent scaling or corrosion of the cooling 
system components, due to ^vanous problems 
aggravated by the chemicals in the water and the high 
temperatures. 



The ^pen recirculation system is compared with 
^two other types of water systems-the once4hrough 



system ajpd the closed-recirculating system. The 
once-throiigh system merely borrows water, usually 
from a surface stream, warms it a few degrees, and 
discharglp.It further downstream. Of course, chemical 
treatment is required to prevent pollution, and these 
• cpsts can become excessive due to the large volume* 
of water 'treated. 

The closed-recirculating system is used, for 
example, in office building heating and cooling 
refineries, and chemical plants. There is no 
mtentional. water loss; therefore, little makeup water 
is required, allowing more exotic chemical treatment. 
?rt?^wi|uld be feasible jn (^ne of The other systems. 
Typ^al chemical treatments in this system are usually 
very high in chromates (up to 2000 ppm) and 
boraxnitrite mixtures (2000 ppm). 

^ Prototype 

The^ forerunner of the modern coolirig tower 
was-a^prayjpond--wh(;re-wat c r was s p ia yed-^to the 
» air to be cooled. However, high drift rates ("water 
droplets carried by the air) hindered this early 
method, so the first towers were built. These original 
atmospheYic towers" were narrow and tall (56-ft 
hig;h andM2 io 13-ft wide)," depended on the wind 
moving through the^'tower to cool the water 
y.nrickling down, and were usually inefficient. Fans 
r^r ^^^re later mounted at the bottom of these towers 
blow the air up through the structure (forced 
.• draft). However, the air velocity coming out of the 
^/ tpiifer could be so low that wind sometimes forced 
^he air back into the tower, cutting efficiency by as 
much as 50%. . 

Then fans were mounted on top of the tower 
to,-iiUll the air t*hrough (induced draft). This operation 
IS Uhe most widely used in the U.S. today. "TTie 
^ forted draft tower is only built periodically-just for 
, spshal orders. No manufacturer has a forced draft 
as d standard model " says Jim Willa, vice president 
6f iLilie-Hpffinan Cooling Towers, Inc. However, 
urider certain installation parameters, the forced draft 
tower is the most feasible model to install, according 
to a spokesman for the Marley Co.- 
* » 

There are two types of induced-draft cooling 
towers: - 

In the counterflow tower, water enters as a 
spray at .the top of the tower and trickles through 
the fill down to the sump. Air is sucked through inlet 
^r louvers in both sides of the tower, travels up 
through the tower, and flows out of the top. The 
air and water mixtures travel counter to each 
other-the water down, 'the air^up. 

The induced-draft crossflow tower still has 
water entering the top, but only at each side. The 
certter of the .tower, \^ere the fan is located, is left 
open. As the wafer falls through the fill on each side 
of the tower, the air is pulled through the fill across 
the wajer.* The air moves horizontally-through the ^ 



' side louvers, the fill,* and theif to the center of the 
tower. .Here, it makQs a^W? turn and flows out the^ 
top. The air moving horKOntally across the water<. 
moving veptically 'creates a crossflow. ' * 

Tower Costs ^ . ^ ' * 

The typicar image hm recent exarriple of a 
. cooling tower is tlie^natural draft or hyperbolic tower 

which is, though Tall and graceful, expensive and 
. perhaps unreliable in this country. These towers' have 

a large chimney jath^r than a fan to force or induce 
* tl\e air^ Air densities msid& and outside the chimney 

• 'create dl differential jn pressure that causes a draft 

to be sJckcd through the codling area. 

The only justification f5r building this tower, 
WiHa contends, is i.ts low power requirement for a 
20:year period or more. The hyperbolic tower costs 
5 to 10 times more to build than the crossflow or 
counterflow unit. However, other majof companies 
contend that \hi ratio rarely goes higher flian 2:1 
or 3ll. Presen^ly^ the m3jor market for these lowers 
is the easfSrn electric utility plants that" previously 
used rivers, and 'lakes to cool their hot water. Not 
one client in the U.S. who has ever owned a standard 
cooling tower has purchased' a hyperbolic tower, says 
Willa. Besides the prohibiting difference in cost, the 
hyperbolic tower is not efficient functionally in the 
U.S. Designed, introduced, and built in parts of 
Europe where latitude is equivalent to that of 
Labrador, the hyperbolic tower (in the U.S.) may 
yield the least performance at the peak period of 
' demailfl-^Uring the hottest days of the ^summer- 
months (because of 'the smalL pressure differential), 
according td Willa. (Willa'S company, Lilie-Hoffman, 
does ,sell and build hyperbolic cooUng towers, 
incidentally). On the other hand, Marley Co. 
•customers are ordering additional hyperbolic towers 

* as well aS; th^ mechanica^ draft models. 

Cooling tower piices range from cheap models 
^. (untreated^ wood or plywood fill, galvanized steeJ 
hardware), whose cost is estimated at $5 per gallon 
of water it will eventually recycle, to the more 
expensive ones (pressure-pre treated redwood fill, and 
yellow brass, silic^bronze, 304 or 316 stainless steel 
hardware), which will cost $12 to $13 per gallon of 
recycled water. Performance requirements also affect 
the cost considerably. Short range, long approach 
(large temperature difference between the ccad water 
\ leaving the tower and the wet bulb temperature of 
the air), easy-duty, coioling towers are naturally less 
expensive than' fhe long range, close approach, 
heavy-duty tower. For example, petroleum and 
petrochemical industries capitalize only on a five-year 
basis. If the iowj^x cost cannot be justified in five 
yetfrs, the systifiri stands a good chance of being 
obsolete. 

Water Treatment. 

Cooling towers have four common operational 
problems: corrosidh, sc^e, deposition fouling, and 
.microbiological attack. In cooling tower systems, the 



problems ait' related to cooling tower blowdown (tlj| 
intentional removal of a portion of the recirculafea 
water in* the cooling system ^o limit the buildup ot 
dissolved solids beyond 'a certain concentration), high 
temperatures, and-, the air/ scrubbing action 'of the 
cooling tower itseif.*The antrei3ted nfakeuf) water 
added after blowdown to maintain constant volume 
may also cause these pr^^bleai^. 

^Corrosion is in ele^wochemical fhenomenon 
occurring in the system^ piping, heat-exchange 
equipment, and other rd^tallic componejits. Water 
soluble corrosion inhibitors, .added to. the water to. 
reduce corrosion, for a monompi^pular film at the , 
metal-water interfajlj These c/mpounds ar^: • 

.Inorganic^oTyphospiiates. 
t, • .Inorganic polyphosphates plus' zinc. \ - 

.CI\romat&-zinc and chromate-zincphosphate. 

..Nonchromate inhibitors, which include% 
amino-methylene-phqsphonate (AMP) . pFus zinc, " 
polyol-ester phospate wi.th or without zinc, aijd 
polyacry-lamiQe-sihca_ * polymers. 

Tlie choice of treatment depends upon the 
existing water pollution control laws, since some 
cooling water will reach receiving streams during . 
blowdown. A high^hosphate chemical also' 
contributes to pollutiorfproblems. Usually, corrosion 
is controlled with a mixture of chromateand zinc,* 
with or without additives. ^: 



Scale formation is a result of precipitation of 
limited solubility salts/Essentially, during continuous 
recycling, a salt reaches a concentration /hat exceeds 
its solubility product, and it is deposited as scal^' 
(usually CaCo3 or CaSOji). Scale formation can be 
prevented by pH control. If ' the cycles of 
concentration cannot be economically^ reduced in a 
system, various phosphates are used to alter the 
crystalline structure of the precipitate and to prevent 
deposition, or to cause the deposit to form a soft 
sludge which can be easily washed away. However, 
using phosphates in cooling towers with higli 
temperatures and long residence times may cause 
reversion. (The metaphosphate that controls scale 
can rever to orthophosphate, forming an insoluble 
salt with calcium that will dep<«it in*the system.) 
Sulfuric acid addition will, lower pH to prevent 
^scale, but this will accelerate oorrosion. Using 
phosphate-zinc combinati<to lowery the amount of 
potentially revertible phosphate; /bo jvever, much 
emphasis today is placed on AMPywh\ch is resistant 
to reversion and can therefore bef used with little or 
no pH control. 
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Fouling occurs when silt, mud, and debris 
accumulate in the cooling tower system. Silt is 
treated with a synthetic polymer to "fluff up'* the 
maferial, thus creatihg a larger surface area. The 
•particle size expands allowing the force of the flowing 
water to scrub effectively the lower velocity areas. 
Dispersants have also* been used to prevent 
deposition. "A major break-through for pollution 
control, performance, and ease of control,' explains 
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Paul Puckerius of W. E, Zimmie, Inc., "is obtained 
with a combination of orgastic polymers \mh 
inorganic ^polymers,, Tliese treatmeh'ts with' effective 
s(;ale inhibitors, give a complete scale, f&uling, and 
corrpsion control /system." 

Microbiological ^ attachers - fungi, bacteria, 
and slime - get into the- ' cooling 
system through the makeup water or air 
These organisms can foul hnes as well as damage 
wood nil. The piost effective and-least e>cpensive 
biocide available iscl^^atifle' With proper pH control 
and correct dosages, chlorine will not cause wood 
deterioration and will preven^ pollution in the 
blowdown effluent. Over 90% <^ industrial cooling 
lojver users favor chlorine tireatment. 'Many 
nonoxidi/jng microbiocodes, chlorophenols, . or 
organo metallic, can also be used^for good micro- 
organism control without significant contribution 
to wood deteriordtion. 



\^^Marj<et growth 



. V .major 'cooling . tower manufacturers 

\ . (Marley, Lilie-Hoffman; and Flour) forecast rapid 
growth^ for the industry, /Air-conditi(dning j^es 
contribute to this growth. Cooling towqrs nrqfcow 
widely used in the petroloirm and petrochemical 
mdu&tries, especially with the. present driv,e for 
pollution •x:ontroL The lacjest market fof 'cooling 
. towers is electricrf ,dants. Electrical power iisc 
doubles every 10 year^ und the number of cooling 
towers required by the electrical industry will grow 
proportionately. *Cooling towers^ and their 
contribution to environmental control will become 
more evident as time passes. 
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FUELS MANAGEMENT IN AN ENVIRONMENT/*. 
AGE- . y ► . * • » 

Environmental Science & Technology, January, 1971 

, , UatU the late I960's, the selec1(^.Qf a fuel 
for any us^e was a matter "of choosing ^]^^»ith the * 
lowest overall costs, .with little regard j^^^ effects 
on the environment. Tlie rising concern ' a*bout the 
environment, however,'has changed the traditional 
concept of what is ^desirable. 

In selecting a fuel, the effects of production, 
processing and utilization of eacl], fuel on^the land, 
•water and air. must now be considered. This presents 
. a complex situatioilV since all the principal energy 
sources-coal, oil, ^i^, nuclear, and hydro-have 
differing environmental effects. Moreover, the 
severity of the pollution tradeK)ffs must be evaluated, 
and decisions must be made as to which fuel is Hkely 
to have the least harmful environmental impact. 

Two fuels management problems are 
particularly urgent. The first, automobile fuels," is 
undergoing rapid change, and littje can be done in 
the short term to replac^feaspline as a fuel. The . 
second, generation of elettricity, does have miich 
substitutability fron^ competing eoergyr sources. Both 
pose unique management {*oblems that must be 
solyed if the nation is to1)enefit from low^ost energy 
that-is produced and used in a manner that does not 
further degrade our environment. 

- • * 

Energy demand and resources 

Energy 4emarid is g^jowing exponentially, and 
the established trends are expected to continue 
through 1980. Demand for oil and gas is expected 
to. show 4he greatest increase in absolute terms; 
however, in relative terms, the increase in nuclear 
^hergy js the greatest. Projecting to the y^ar. 2000, 
many^ technological, economic, environmental ^ and 
poUticaKf actors will influence the depiand and supply 
for various energy source?. These factors hava been 
studied by.the Bureau of Mines, with the conclusion 
that demand for each ^ the most-used 
fiiels-petr oleum, natural ga^^d coal-will at least 
double between 1968. and foOO. Uranium, however, 
will increase by a factor of about 15. 

The cumulative requirements for these energy 
resources are enormous. However, the nation^ ^ 
resource base^ is adequate to supply the demand 
thJough 2000., But, if these demands are to be met* 
^Ae^natipn's coal and oil shale resources will have to ' 
play an important role, whether they are used to 
generate electricity of are cortverted into gases or 
liquids and used in these more convenipnt, 
pollutant-free forms. 

The nation's^ fossil ftieL resources are not 
unlimited, and a * ma^^um . of .producibility is 
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ej^crcted to be rea<5fied early^ in' the next 'century. . ^ ] 
Njhus, after 2000, the nation's energy demand could / 
set Jhe ^tage^for the emergence of unjlroved^systeifjs, - ' 
such as. nuclear fusiqn,' and^e;^idespread use o»f 
solar Aad^ gqothermal energyS # ' 

r - • V ■ ' , I' 

fmported liquid fu^is <crude and reJidual oils 
and products)^- now provide ,23% .of all' liquid 
^ petroleurfi consumed in the U.S. Mahagendent of fuel 
resources tqf .sblve environmental'>^roblcms depends ^ 
nipdn policy J decisions rtdd^ vjrrth jespect .to future 
oil import .programs, as^weU as public land le'asing; " . 
tax treatment, and prorationing policie/ which, iji'. 
ftirn, are intertwined>dth* other factors of national 
iiUerest such as nulitary security and baUnce|UDf 
payments. ' - ' ' ^ 

, ' The CQnsumption of fuels must - also be^ 
considered ' according to ' the use-household and 
ponrwjercial; industrial, transportation, or electricity 
geneTation. By comparing the expected fuel 
consumption in the year 2000 with use ^ttertjs for 
1968 (see table), it can be ^een that total Jfejs energy 
inputs are expected to increase from^^^ toj i 63 
quadrillion Btu. Electricity generation will domipate 
in the future, increasing both absolutely, from 14.0 
to 72.3 quadrillion Btu, and as a per cent' of total 
*oss energy input, from 23, to 44 per cent. Nuclear 
feneration is expected to dominate the generation of 
electricity, increasing from 0. 1 to 38 quadrillion Btu; 
but coal us^d for this purpose will increase more than 
.threefold, from 7 to ^24 quadrillion Btu. 

Consumption patterns of differerit fuels up to 
about 1968 are a good indication of the amounts 
and types jpf fuels that ; would be used : if 
environmental problems could be largely ignored. 
Environmental considerations, however, have begyri^ 
to alter these supply patterns sharply. For example, 
sulfur dipxide emission standards in 1969 caused . a 
shift' from coal to residual fuel oil at, east coaSt 
.electricity generating plants. By early 1970, the initial^ 
penetration of residual oil intpjhe Chicago market * . 
had been approved. 

■ ■ • ^ . 
The production, processing, and utilization of 
fuels cause the most environmental problems for the 
nation. Let us, then Jook at th^ most si^ificant of ' 
these pollution problems, and jthe impact on landi- 
water and air. • 

Lahd Use ij 

About 3.6 million tons of solid wastes are : 
generated each year iA the U.S*. Agricultural wastes ' 
constitute nearly two-thir^ of the total, and mineral 
wastes^ccount for most of the rest. Mineral wast^, ■ 
ndt including the large amounts of overburden ■ 
removed in Surface nfining but includj«ig ^ose wastes \ 
generated 1)y mining, processir^ and utilization of ;^ • 



all minerals and fossil fuels, amougfifc* about 30% 

ccWiWor only 125 



au iiuiiwioid (Ulu lus^ii lucis. amou 
of the total wastes. Buf fyels accc 
million tons, or about 3% qf aU solid . wastes 
•generated. 
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. The last complete*, survey of mining oiperations 
^jMt^^ U.S.' indicated that, in 1965, about 3:2 million 
'HIEt^ of* land had been-iiistnibed by surface mining. 
;:\ df'* thii5 total, , about 41% resulted from activities v.. 
' .asspciated witft coal production. 

^ '• As y^t, only a few tenths tpf^^% of the total 
land ar^a of tfie U.S. has been disturbed by surface 
mining.' Effects of such mining 'upon the 
environment-, however, yary widely and depend upon 
such factors as the typ^f mining, characteristics of 
overburden, steepness of the terrain, amount of 
prectjMtation, and temperature. Where land 
reclamation is not practiced, .water pollution f^pm 
acid mine drainage and silt daniage occur. It is 
possible, however, to prevent much of this, damage 
through proper land redamation, adequate drainage, 
and planting* to achieve soil stabilization. In the 
. principal coal mining areas, the average costs of 
conjpletely reclaiming coal lands range from $169 to 

\ $3^2 /gar acre, an average cost of 4 to 8 cents per 

, ..ton. \ 

Underground coal milling can cause subsidence 
9.Unle^s me mining systems are designed to prevent 
. HeteirioVation and failure of abandoned mine pillars. 
' ; Uodfergrpund fires may weaken or destroy coal pillars 
. thbt suf^port the surface, causing subsidence with 
consequentV'''; damage * to surface structures. Ah - 
additional^^eat is the possible collapse of buildings' 
and operimgs Pf surface fissures and potholes. 

\ ;'• ♦ f . ;Fuel.jprdcesSing.also contributes large quantities 
•^of wastes' during the washing of coal to improve its 
; /quatity.. 'Oye^^^J^ coal mined is washed, 

' ^ 4)rQduclrig S^O mflliph t6n5 of waste annually. If not 
returned tV the mine, the water. accumulates in piles 
near the pl^nt ^tiid mine. At times, these piles ignite / 
and bum for long periods, thus creating air -jjollution. 
Rainwater leeches salts and acid » from the piles to 
contaminate nearby streams. 
♦ • ' ' . ■ >> ■ 

Utilization of coal also produces solid waste in 
the form of ash and slag. About 30 million tons of 
these materials are collected each year; ah ejijt|raated 
/8 million tons are discharged into the .atmosphere. 

. Urak ium mined by either open pit or 
underground methods creates similar land effects. 
Mining in quantity is a relatively new industry, the 
volumes and tonnages involved are only 1% of those 
for coal, and the adverse effects are mucr^ smaller. 
Estimates of the solid wastes from the mining of o^e 
and the subsequent extraction of the desired Ujranium 
product ate 38 million tons annually. 

Solid wastes resufting from nuclear generation 
of electricity involve only small tonnages of materials, 
but have a very great potential for environmental 
damage for long periods because of their 
iradioactivity. As nuclear plants become more 
Numerous, -^e magnitude of this problem will grow. 



Transgprtation of oil and gas, which is larg^.^^ 
by underj^Ciind pipeUnes, does not normally produce 
land problems. However, the special case of 
transporting oil from Afeska by pipeline raises 
numerous and, as yet, unresolved land-use problems.. 

Water problems 

Two distinct water problems are of growing 
concern in fuels managernent-water quality and 
water temperature. Questions' of quality Relate to 
individual energy sources; thermal problems, 
however, are common to use of all fuel commodities. 

Poor water, quality, whether it be through 
chemical pollution or sedimentation, is a major 
damage resulting from both surface and underground 
'mining. Available data make no distribution between 
the two, but it has been estimated that approximately 
48% Pf mine water pollution, primarily sediment, 
results from surface mining. In the U.S., some 5,800 
miles of. streams and 29,000 surface acres of 
impoundments and reservoirs are seriously affected 
by such operations. A6id drainage from uriidergrc5und 
mines, is more difficult to c?>ntrol than that from 
surface mines, but preventing water from entering the. 
mine and the rapid removal of water whicji does get 
into the mine are effective methods for reducing 
pollution. The effects of acid mine drainage can be"* 
reduced by decreasing the amount of acid produced 
at the source, or by neutralization of the mine water 
before it is discharged tp • the streams. The latter 
technique, though highly effective, is more costly. 
Erosion and sedimentation from surface mining are 
serio'us problems in many areas, but.^^they can be 
prevented by controlling the surface' runoff that 
follows rainstorms. ^ 

In processing uranium ores, some of the 
potentially hazardous radioactive elements or 
isotopes, particularly Ra-226 and Th-230, ai-e partly 
dissolved during the leaching operation used to 
recover uranium oxide. While most processmg plants 
are located in very isolated areas, steps are taken to . 
avoid pollution of water supplies by radioactive 
"constituents of liquid effluents. ; 

Disposal of the . effluent is accomplished 
principally by impoundment and evaporation, 
controlled seepage into the ground, *and. injection 
through deep wells into saline or nongotable aquifers. 
Where ore processing plants are adjacent to rivers or 
streams, the effluents may be released directly to. the 
vstreams at;'Controlled, rates if, after dilution, the' 
concentration is within predetemrined limits. During 
periods of low.stream flow, effluent's are impounded 
or may be chemically treated before release. 

Onsh*5re oil production, except for accidental 
occurrences, does not present any difficult pollution 
problem. .Nevertheless, nesd^ three barrels of brine 
rpust be disposed of for every barrel of oil produced. 



Accidental pollution may occur from blowouts of 
^wells, dumping' of oil-based drilling muds, or losses 
of oil in production, storage, or transportation. At 
sea, the blowout at Santa Barbara, the oil slicks and' 
the fires and oil spills in the Gulf of Mexico in recent 
months have demonstrated that these dangers ^re 
more than academic in offshore operations. Methods 
"must, be found for their prevention and control. Spills 
and discharges from tankers are atso important. 
However, the greatest, if less dramatic, problem is 
the contamination of inland waterways and harbors 
resulting from transfer of oil b^^en or froih vessels. 

Thermal pollution ^ 

By far the most important watef problem 
resulting from fuel use is thermal pollution.' Over 80% 
of all thermal pollution arises from the generation 
of electricity. The amount of heat rejected to cooling 
water represents 45% of the heating value ^f the fuel 
used in the most efficient fossil fuel plants, ariid 55i5fe^ 
in nuclear plants. If projected use of electricity is 
accurate and if nuclear energjjt, ^s expected, supphes 
nearly 50% of the electricity fltemand, more thanp'lO 
times as much heat will be rejected to turbine cooling 
water in 2000 as is being rejected now. Even with 
greatly increased use of brines or seawater for 
cooling, the demands for fresh cooling water will be 
larger tl^an its supply. 

This, suggests that the solution is not in treating J- 
the heat as a waste' product. Rather, the Keat must 
be viewed as a resource that can be used. EvoluticJn 
of such concepts must not be constrained by current 
uses, for huge amounts- .gC heat may be used in 
systems not considered<pi1acticalHt3!;: feasible at this 
time. For examplV, th^ heading indlcooling of whole 
cities whose environi^ent is cewitrofled by a protective 
membtane is one poibsibiti|5||''f' 

Air Pollution '''^ 

Nearly 80% of all air pollution in the U.S. is 
caused by fuel combustion. About 95% of all sulfur 
oxides, 85% of 4II nitrogen oxides, and over half of 
the carbOif monoxide, hydrocarbons, and particulate' 
matter* are produced by fuel use. Management of 
fuels, therefore, is critical for the mihimization of 
the nation's air pollution problems. 

The most competitive -market for fuels is the 
generation of electricity. Not only' do the fossil fuels 
compete with each other, but they also compete with 
hydropower and, more recently, with nuclear energy. 
Obviouisly, from- an air pollution standpoint, 
hydropower is, the perfect method of electricity 
generation. During the generation of electricity from . 
fossil fuels, production of oxides of. nitrogen or 
carbon monoxide is not greatly different for any oT 
the fossil fuels used.' The production of electricity 
using^ natural gas produce tio sulfuroxide emissions, 
but nhe use of coal and /esidual oil in electric 
generating, plants is the s6ukc of 74%.of all^ the 
oxides of sulfur emitted intQ ;^ilfie air. ^ 



About* sei'en limes as much 'coal as oil is. used 
in electricity generating plants. For this reason, and 
because of its relatively high sulfur content, coal 
accounts for nearly two-thirds of the sulfur oxides 
emitted to the atmosphere. In addition, nearly 
one-third of the particulate matter emitted into the 
atmosphere is from bumihg coal for generation of 
electricity. 

About one-half of the coal consumed by 
industry is used to make coke. Part of the sulfur 
appears in t}ie coke oven gas and, if this is used, as 
a fuel, it eventually appears as sulfur remains in the 
coke and is released as hydrogen sulfide in the blast 
furnace gas. Wlfen the gas is used as'a fuel o^ flared, 
the sulfur appears as sulfur dioxide. 

c 

Local air pollution problems in the vicinity of 
plants that make coke are, severe. Alternatives to th§ 
use hf coke for the prbduction of pig iron are 
available, and these ^)rocesses might reduce the 
•amount of air pollutants released to the air. 
Uncontrolled surface and underground coal fires emit 
. smoke, fumes, and noxious gases. . 
\ . 

A\)Out 17% ^f all the oil consumed in this 
country is used by industry. Much of it is residual 
oil, which in most cases is high in sulfur. Moreover, < 
residual oil is difficult to burn efficiently and is 
usually burned in large equipment at high 
temperatures. 'Because of these two factors, industrial 
use of oil tends to contribute larger amounts of 
carbon monoxide, hydrocarbons, and oxides of 
nitrogen than the household and commercial sector, 
which consume about 25% of the fuel oil. 

The largest use of oil is for gasoline to power 
the nation's 100 million vehicles. About 42% of each 
barrel of oil is used in this manner. If we include 
diesel and jet fuels, "about 54% of each barrel of oil. 
IS used for transportation. 

The use of fuels in transportation causes 
approximately one-half of all the air pollution in the 
U.S. There are alternatives to the use of gasoline for 
automobiles and trucks, such as natural gas and 
liquefied petroleum gases. But it is doubtful that the 
massive changeover that wonjd be, required by two 
of the country's largest industries would occur if 
other solutions could be found to'redu(?e air pollution 
genefated by the transportation sector. Moreover, if 
a switch to electric cars .were made, the total 
pollution load might actually be increased, although 
controls would be needed on a relatively few electric 
power plants, rather than on millions of autos and 
trucks.* 

Management Problems • 

Ideally, the management of fuejs to satisfy 
environmental requirements ^should be guided by a 
system model that relates energy needs to idamage, 
emissions and fuel availability. Included in the model 
♦would be an assessment of the relative damage among 



.dissimilar pollutants; for example, esthetics of land 
. vs. air pollution, as well as comparisons between a 
small, constant hazard (nitrogen oxide) vs. a large, 
infrequent hazard (nuclear). Detailed knowledge of 
what f happens to spgcific pollutants t both 
geographically and overtime would also be included- 
in the model. In addition, economics," supply 
availability and the broader question . of national 
security would all need to^ examined. 

No such model now exists. However, many ^ 
factors can be approximated so that a number of . 
problems associated with fuefus^ can be examined. 
Two 'such problem^areas are the automobile and the^ 
generation of electricity. 

Autps and Air Pollution 

ft • j, 

Much that is written and said^about automotive 
pollution indicates that very little is really being done 
to change l«he poUu>ion characteristics ^of 
internal-combustion engines. It is alleged that» in fact, 
little can be done. Such negative views are 
unwarranted, since both engine^s land fuels offer 
opportunity for modification to reduce markedly the ^ 
pollution fi;om internal-combustion engines in all 
applications. Nevertheless, in the long run, other 
supplementary methods of transporting people may 
be needed. AH of the alternatives' proposed to 
eliminate automobile^caused air pollution have great 
implications for fuels and materials "management. ' 

-Some reduction in pollution from the 
automobile has resulted from federal standards 
already enacted through 1971. These standards will * 
result in a continuous improvement in air quality 
through the 1970;s as the controlled vehicles 
comprise an increasingly larger portion of the car 
population. Unless further progress is made to clean 
up exhaust emissions, however, an upturn in emission - 
output is expected near the end of the 1970's as the 
increasing number of vehicles in use begins to 
overcome the effects of the standards. Technology 
is available for continued progress, but lead times of 
two years or more are required to manufacture and 
, distribute modified fuels and (or) engines. Thus, 
continued progress will depend upon the decisions 
made between 1970 and 1975. 

♦ 

The impact of change in fuels and engine design 
will be far reaching and long lasting. Trends now 
developing and those established within the next few 
years will be, in practice, largely irreversible within 
.the next decade. In terms of today's dollar, costs will 
be higher for each mile driven, and some of the broad 
options that are now available for fuels manufacture 
and for designing high-performance engine and fuel 
system .will be lost. 

The types and effectiveness of control methods 
depend upon the composition of 'the automobile 
population in the 1970's. Early in this decade, 
pre-1968 cars will represent 50% of the automobile 
poRMlation. Even in the last . half of th^ decade. 
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pre'1968 cars will still be a significant part (|f the 
population. These velucles are iiiportant, since they * 
generally do not Have exhiiUst-eljiission controls. 

There are options available to reduce pollution 
from the various automobile pppuktions. Relatively 
simple engine and 'fuel-system modifications have 
been or will be made in 1968-74 model vehicles to 
meet emission standards. But the major impact of 
these changes will not be seen until the mid-1 9,70's. 
Extensive engine redesign and exhaust treatment is 
expected for the 1975-79 cars. This possibility is 
widely discussed in the popular V press, but the 
maxiniium effectiveness of such technology as 
catalytic conversion of exhaust gases will not be until 
1980 or later-a decade ^way. Gasoline-composition 
modification is applicable to- all cars on the road 
today, and its effect would be immediate. Field tests 
of this contr<51 method have met .with dissappointing 
. public response and, in the absence of compulsory 
legislation, engine returning will probably^not result , 
in a significant reduction of polluted air. ' 

Changes in the composition of gasoline which 
limit volatility during the summer months and 
eliminate C4 and C5 olefins would reduce smog by 
25% or more, according to recent research by the 
Bureau of Mines. This is the most rapid solution 
tovrard improving air quality, because such 
modifications can be accomplished quickly and are 
applicable to all cars how in use, without requiring 
any changes in the cars themselves. However, the 
olefins to be replaced have high octane ratings and 
their removal would make it more difficult to 
maintain the octane levels of fuels without using lead. 
ThVis, this control' method must be carefully 
coordinated with lead removal if undue dosses in 
engine performance are to be avoided. It has been 
estimated that the modifications to gasoline can be 
achieved without significant changes in the product 
mix from refineries and' at a cost to the consumer 
of less than 1 cent^ per gallon of gasoline. No 
estimates are yet available oa the cost of 
accomplishing the same, thing with lowlead and 
unleaded fuels, but the cost 'should not^ be 
significantly higher provided all fuel composition 
changes are carefully coordinated. 

The lead-in-gasoline issue evokes a strange 
mixture of emotion, politics, and fact. Lead doe^ - 
contribute to the contaminatioji of our 
environment-nearly 170,000 tons ^e . released 
annually. It also forms deposits that foul engines and 
emission-control systems, unless controlled by 
additives, leading to increased emissions. Of 
particular importance, it presents difficult problems 
in developing exhaust-treatment . catalysts. For 
effective use of these advanced control systems, the 
lead content of gasoline should be near zero. ^ 

Any move to modify fuels must be guided by 
the types of vehicles already in ^se. Many of these 
vehicles may have marginal acceptable performance 
using ajow-octane, unleaded gasoline. High-octane 



unleaded fuels that contain large amounts of 
aromatics blended into the gasoline could iltc^ease the 
smog-forming potential of the ^exhatt^f gases up to 
as much as 25%; depending on 'Sctane level to 
be achieved. The cost of manufzifcturihg unleaded 
gasolines with acceptable octane ^levels/,would be 
reflected In gasoline price increasesfpf 1 to 4 cents 
per gallon. ^ Jk. . 

f 

The lead issue demonstrates the difficull^fuels 
management problem that has arisen as the result of 
environmental a\('^reness. For example, if engine 
compression ratios are lowered to accommodate 
lower octane unleaded gasoline, the efficiency of the ' 
engine may drop and gasoline consumption increase. 
This would significantly reduce our already declining 
petroleum reserves. The manufacture of "high-octane 
unleaded gasoline could set up severe competj4ien-far~^ 
the stcTcks normally used as raw materials for the 
petrochemical industry. Significantly greater amounts 
of nejv oil may be required, and the needed fractions 
would be stripped from this oil. In this case, large 
volumes of oil products without aromatics would 
need to find a market. 

A sweeping change-over to unle'ade'd gasoline 
would be a massive technical and economic 
undertaking, the results of which have not yet been 
adequately delineated. For these reasons, the gradual 
transition to unleaded gasoline must be encouraged, 
the timing to depend on the distribution of the 
existing car population and on the types of vehicle 
yet to be manufactured. 

Materials management will also become vastly 
more complex in the 1970's. New metal alloys are 
being develpped for use in thernial reactors. A new 
horizon is opening in the catalytic field-both in 
refining of modified gasoline and in materials for 
catalytic conversion systems. And, as lead may be 
removed, a significant jump in the use of additives 
to maintain engine cleanliness is expected. All of 
these will have significant impacts on the current use • 
of raw materials. , 

Natural gas (methane) and propaneJhave had 
wide publicity as substitutes for gasoline. Although 
these fuels have chemical characteristics that permit 
cleaner .exhausts, the crisis over natural gas supplies, 
problems of distribution, and the added complexities 
of the fuel system probably preclude geperal use by 
the motoring public. Use of these fuels in 
urban-operated fleets, however, is feasible and will 
probably increase in the future. Moreover, synthetic 
gas from coal or oil shale could be* an added source 
for the needed fuel. 



indicate th^T into the 1980's the bqst combination 
of costs,, utility and potential for reduced pollution 
output is the current gasoline-powered automobile. 

The need .for further reductions in total 
pollution output, however, may force'a move to limit 
the size of both the vehicle and the engine. The 
increasingly severe problem of urban traffic 
congestion wilKr/sult in increa.sing efforts to develo'p 
mass transportation systems. These pressures may 
cause a significant reduction in the demand for 
gasoline. ThiS, when combined with adoption of 
proven technology that will enable a 95% reduction 
in all automobile pollutants, indicates that air 
pollution caused by automobiles can and' will be 
-se^vedT-Howevor,4he accomplishment of this task will 
present .a challenge of fuels and materials 
management unexcelled in a peace-time economy. 

Sulfur and Electricity 

The immediate and* pressing question 
concerning fossil fuels for generation of electricity 
relates to their sulfur content. Of the . coals shipped 
Jo electric utility plants in the U.S. in 1964, 21% 
yfiad a sulfur content above 3%, 60% had between 
-^1.1 and 3.0% S, and only 19% had less than 1% S. 

Regulations being established for sulfur in^ fuels are 
'■based 6n sulfur dtoxide believed allowable in the air. 
Each community translates its requirements into a 
certain maximum sulfur content' of the fuel. For . a 
number of communities, a 1% sulfur maximum has 
been established. Obviously, much of the^coal being 
mined and that in the ground cannot 'meet this 
requirement. Moveover, some regulations alre^fly 
scheduled call fo^ a fuel having an effective sulfur 
content not exceeding 0.3%. Such coal isAgt 
available, and only exceptional supplies of petrolCTm 
residuum meet this requirement. 

1^ options for solving the sulfur problem are: 

.Fuel substitution. 
.FueJ preparation (coal). 
.Stack gas removal of sulfur oxide. 
.Coal and oil shale conversion loW-sulfur fuels. 
.New combustion methods. 

Substitution of naturally occ,urring low-sulfur 
'fuel (gas for coal) is not practical in the immediate 
future since adequate supplies are not available in the 
U.S. Two promising options for the next several years' 
are removal of sulfur before combustion and removal 
from the process gases after combustion. Conversion 
of coal to other low-sUlfur fuerls|ind nfew combustion 
processes -are long-range options. * 



All of the alternatives proposed 'as substitutes 
for the internal-coinbustion engine must meet three 
key tests: Will thfc're be a significant ' change in 
pollution? If so,' at what cost'^ Is near-<^omparable 
performance obtained? Ultimately, 'it may be cheaper 
to meet air-quality* standards by a totally different 
approach that ir^volyes engine systems yet to be 
developed-. Present analyses of all competing systems 



Fuel Preparation / V* ^ 

' ■ ■• ♦ 

Improvement iri coal preparation involves the 
removal of iron pyrite from coal. Often,'the pyrite 
content accounts for a half of the sulfur in the coal. 
However, even with improved pyrite removal, it is 
evident that the degree of sulfur removal netessary 
to meet anticipated regulations cannot be achieved 
by this- means alone. 
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Li^tic coal, mostly located in the West, 
represents a vast national resource, and it typically 
has a sulfur confejit of about 0.6%. (The effectivy^^ 
i sulfur content is a little higher than this, since lignite 
contains about 7,000 Btu/lb, compared with aboujt 
12,500 Btu/lb for bituminous coal). Moreover, lignite 
is an inexpensive fuel, priced at only about SI. 50 
per ton, which is equivalent to about 10 cents per 
million Btu. Lignitic coals should be helpful in certain 
areas, but obviously do not solve situations where 
regulations call for 0.3% S. Moreover, lignite deposits 
are generally 'far rempved from population centers, 
and shipping cost^ can be excessive. One possiblity 
is the mnpation of electricity in hujge plants in the 
West; ^upled with a system^ of long-range, low-cost 
electrical transmission through a cable cooled to very 
low temperature. * 

Stack gas removal 

The once-through process for removing sulfur 
oxides from combustion gases, typified by wet 
carbonate scrubbing (Combustion Engineering), and 
being installed in three plants, ranges from 125 to 
450 MW. Itr offers the advantage of relatively low 
capital investment in plant equipment (perhaps $6 
to $13 per kW) and low operating cost ($1.50 per 
ton of coal). However, it does pose problems in 
disposal of calcium sulfate (or magnesium sulfate) 
product-indeed, there is the uneasy fear that an air 
pollution problem may transform into a l^d or water 
pollution problem. It seems likely that with pressure 
for meeting new regulations, systems such Is wet 
limestone scrubbing wrll be adopted to'sonje extent 
in the short-term future. ^ j/f 

Regenerative processes for stack gas sulfur 
removal are expensive to install and to operate. 
Investments might run from $17 per kW to more than 
$30 per kW, and operating costs would be in thfe 
$3 to $5 per ton of coal range. Such systems involve 
a* solid or liquid which chemically reacts vJith and 
removes sulfur oxides. The sorbent is regenerated, in 
a separate step, usu^ly with the production of sulfur. 
Included in' the "regenerative absorbent" group are 
potassium bisulfite (Welman-Lord), magnesia 
(Chemico), caustic plus electrolytic regeneration 
(Stone and Webster/Ionic), •molten carbonate (North 
American Rockwell), po^tassium , formate 
(Consolidation' Coal), copper ^n silica (Houdry), 
alkalized alumina (Bureau of Mines), and others. 
Recently, it was announced that a regenerative-type 
plant, based on magnesia sorbent .and costing $5 
million, would be installed in the Boston area. 

The^ conversipn-type process is typified by the 
Monsanto Cat-Ox process. Although well defined, it 
is relatively costly to 'install and produces sulfuric 
acid that may not be jiesired. Bureau of Mines 
estimates an investment cost of more than '$30 per 
kW for such a process, and an operationg cftst of 
about $4 per ton t)f coalj^ . 



New combustion methods, such as 
fluidized-bed combustion,.offer opportunity for some 
improvement, if not prevention, of air pollution. 
However, conversion of 3 high-sulfur to a low-sulfur 
fuel appears to present the fundamentally best 
opportunity for a long-term solution. 

Synthetic fuels 

From supply ^ standpoint, natural 

gas-essentially methane-is now in the most critical 
stage of all fossil fuels. For the second cqnsecutive 
year, recoverable reserves have dcclined-that is, more 
gas was used than discovered. Yet the use of gas is 
the.most rapidly growing of all the fossiltfuels (about 
7% annually) compared with a growth rate for energy 
V as a whole of about 3%. " 

Looking ahead to 1985, projected rates of 
development will not fulfill the projected need for 
natural gas, even including importation of gas by 
pipeline from Canada and Alaska, or by cryogenic 
tanker from overseas. Anticipating this situation, and 
in the search 'for new markets for^oal,'^ vigorous 
research and development program* has-been in 
progress for a number of years to provide processes 
for conversion of coal to gas. Several nrbcesses are 
currently in advanced stages of development.\ 

Pilot plants are under construction for the 
Hy-Gas (Institute of Gas Technology) and the COj 
acceptor' processes (Consolidation Coal Cq.) under 
the sponsorship of the Office of Coal Research of 
the E)epartment of Interior. Scale-up of the Bureau 
of Minei^team-oxygen, fluidfte^-bed coal gasification 
process* has also been, initiated. . 

In the Bureau of Mines process, coal is reacted 
with steam and oxygen Iri^ fluidized b^d at about 
600 to 1,000 psi, to prodfift mfcctiire of CH., Ho, 
CO, HoS, and COj. After the COj and HjS are 
removed, the CO arid Ho are reacted t« form 
additional methane. For a 250-maiion ft^/day plant, 
the capital requirement has been estimated to be 
$160 to $180 millidn, the. manufacturing cost 43 
cents/ft3 and selling price 54 cents/1,000 ft^ using 
utility company-type- financing. It now appears that 
if the i^rice of gas increases enough, or if adequate 
technologic-economic improvement in coal 
gasification can be made, synthetic ga^ from coal may 
soon become a commercial reality. 

The price r)f synthetic pipeline gas noted above 
. is too high to- be used by electrical utilities. There 
is a very interesting related posSibility-the production 
of low-BtU ^ai from coal^using air instead of oxygen, 
followed by sulfur and ash removal, and generation 
of electricity /T)y gas turbines. In this case, a 
hlgh-tejnperature "Sulfur removal process is needed, in 
coolings the gas and heating it up again. 

Underground gasification of ' coal . and 



gasification of oil shale offer additional possibilities 
for gas. supply if new technical .advances can be 
achieved. It should be emphasized that all processes ' 
contemplated for* manufacture of synthetic gases or 
liquids- from co^l' result ;iri.. a low-sulfur product. ^ 

It is possible to .convert coal ,ito Ijquid fuels, 
including high-quality gasolirte. Moreover, the cost of 
doing so is ajfl^roaching the cos^f of refining gasoline 
from petroleumT Theref45rtiei*ij^^ within the next 
15 years, it will be ,bo^'M<^ssary and economically 
feasible to. make gasolme^^ynthetically. 

Another very importarit possibility which has 
not yet received emphasis»is the conversion of cOal 
to a low-sulfiir, low-cost utUity fufl. In such a 
process, coal is contacted with hydrogen and solvent 
with or without an added catalyst, thus transforming 
the coal into a new fuel product low in sulfur and 
ash.^ It is not important to up^ade the fyoduct by 
removing asphaltenes, as in the case of gasolirte 
production. By operation of relatively low, pressure 
and relatively mild temperature, a minimum of 
hydrogen is used, so, that a low-cost fuel can be 
manufactured. . . ^ 

Peitfoleum desulfurization 

With new regulations and increased demand, it 
has become necessary to desulfurize petroleum to 
achieve a more adequate supply. Fortunately, the 
petroleum industry has developed effective 
liydrodesulfurization <proctesses. Of a total of about 
14 million, barrels of oil produced per day, about 4 
million are being desulfurized in the U.S. At present, 
most desulfurized oUs consist of lighter petroleum 
fractions. Significantly, processes for. desulfurizing 
"residua are now coming on stream in different parts 
of the world. The^cost of desulfurizglion ranges from 
about ^yto 80 cents a barrel. As an example, (or 
a high-Smur (2.6%) residuum costing 32 cents per 
million Btu ($2.00 a barrel), it wduld cost*4 Cents 
per million Btu for each 0.5% by^ which the sulfur 
content were reduced. Desulfurization to 0.5%.would 
•thus, add 16 cents, bringing the tost to 48 cents per 
million Btu, a 50% inctease over the undesulfurized 
oil. Costs rise sharply, however, below about 0.5% 
sulfur. . : '^^ 

natural sulfur content-of oU varies greatly:. 
For example, residuum from Algem is low in sulfur, 
about 0.5%, whereas that from Venezuela is relatively 
high, about 3%. No large supply of domestic 
low-sulfur residuum is available. The impor^alion of 
a high proportij^ of utility fuel from abroad poses 
a problem from the viewpoint of national security 
since the east Coast noW imports nearly '94% of its 
requirements.Part of the current shbrt^e in available 
residuufti is due to its increased initial costs anrf 
increased tanker*rates. 

'* During the past few years, the substitution of 
low-sulfur petfoleun^j residuum from abroad for 
high-sulfur domestic coal has been widely adopted 
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on the east coast, where there is no oil import quota 
on. fuel oil. Moreover, governmental approval receatly 
provided for one plant to use imported residuum in 
the Chicago area. In this instance, the oil, containing 
1% sulfur, will replace coal,, at a reported cost of . 
46icents per ^million l^tu at that location as cojnpared 
to about 30 cents for coal. This illustrated forcefully 
that pollution control is expensive. 

New technology 

Finally, we should not overlook new energy 
conversion de.vices which can become important if 
certain technological breakthroughs are achieved. 
Specific cases are fuel cells and 

magnetohydrodynamics. The former would permit 
the wi4aipj:ead use of gas for the traitfthission of 
energ3^^|blloWed by generation of electricity, in the 
hoirle pr coriiit^ 

• ^: " 

Management ^of fuels also should take into 
account one human habit sometimes not recognized 
in 'the fuels system-that is, the production of ^ 
so-called urban and agricultural refuse. Much of this 
is about half paper. In the U.S., 7 Ibs.of urban refuse 
is collected per person per day, and nearly 10 times 
that amount of agricultural wastes is produced. In 
the past, urban refuse has been used as landfill or 
incinerated, causing significant air pollution. Now it 
is possible tq recover energy : by - controlled 
incineration, by i>yrolysis to make, gas and oil, or by 
hydrogenation to produce a low-sulfur oil. Recent 
experiments by the Bureau of Mines have shown that 
heating a tone of garbage to 380''C for 20 minufes 
in the. presence of carbon monoxide and water under 
high pressure produced over two barrels of low-sulfur 
oU per dry ton of garbage. PerhapS some such novel 
means will be necessary for conversion of cellulose, 
grown by solar energy and discarded by man, into ° 
a fuel that can be utilized with less pollution. 
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CHAPTER 7 

' HEALTH EFFECTS: A COMPARISON 

«> 

1, Health Effects of Nuclear Power Plants 



;^«^The gi'eater part of this chapter will describe 
'^^^Mfepts^ exposurejo radiation. The reason for 
Is two-fold: much more research has j>^n done 
le effects of radiation than on the effects df 
jpbliutants from fossil-fueled plants; and raidiatipn 
efT^ts are jpioorly understood by ih^: average person. 

V Humans "have ^ways iWed with low level 

* background radiation and we^r&^naware of / ii 
existence until about 1895, whet^niziiig radiatio: 

./4jis discovered. Early experiments ivith x^tays soon 

* produced a number of injuries to the experimenters. 
Almost immediately, the use of radiation began to 
be controlled. the time power reactofevbegan to 
.be built, in the mid-1 950's, radiation emissions fronri 
these plants and radioactive by-produc£s were under 
strict regulation. This is in contrast to the case*for \ 
fossil fuels, v^ith were not regulated until long after 
their use as'eneygy soufces. * 

• A. Fundamental Information 

As noted in Chapter 3, all matter is made up of 
simple units called' atoms. Each atom has a nucleus 
With an electrically positive (+) changCv A cloud of 
electrically, negative (-) electrons orbits the positive 
nucleus. Ordinarily, the number of h^j^five electrons 
. equals the*number of positive charges in the nucleus. 
..:^he atom is then electrically neutral, tf energy is 
su^ipiied to an orbital electron, it pan be moved to a 
position further from the nucleus; then the atom is 
^ ^said to be in an excited state, it large amounts qf 
: ,<^ergy are supplied, the electron can escape froni the 
*^ atom cpmpletely. When one* or more electrons is 
separated' from the atom, the atom is said to be 
ionizeli. The; atom has a net positive charge since it is 
missii^ an ^electron. This positively ^charged atom, 
taken with4t& separated negative'electron, is called an 
ion pair. (See Figure 23.) 

. • ■ ".. ' * 

♦ As discussed ^n Chdjtt«!r 3^ sonae atoms are 
. radio!a(fNv«' and eniit radiation as they decay to a 
Stabl^. state. Table 5 shows the composition of the 
. various kind^- of dfecay ra^^ 

. ; ; When these types of radiation pass throii^ 
matter, they interact with the electron clouds of the 
atoms in the matter. In this process? the radiatioii 
loses its energy by exciting the atoms and/or 
producing ipn pairs in the matter*. This mhc process ' 
is essentially the same Tor ail kinds offmerials-air, 
water^peopte, cement blocks, or Steel. 
• ■ • 

. The njo$lf. penetrating of these types of 
Ta4ls^ti<>n are tte gamma ^ys. High' energy gamma 
. raji can completely penetrate i penon,! a concrete ^ 
. ..block or a sheet of lead. 

: Beta ra^ial^ is hfgh energy ^electrons 

or positrons, iscxtal^tt^ of penetrating a piece of 




aluminum foil ,or several layers of a person's skin. 
In air, its range may be as much as a yard. 

fc ' •• 

/Alpha radiation, \^ch is high energy helium 
nuclei, can sometimes penetrate a very, thin piece of 
'^'per but cannot peneti;ate conventional aluminum 
oil. However^, alpha particles are therlmost hazardpus 
of all types ol radiatioh if they enter the body as . 
a result of swallo^g or inhaling an alpha emitter. 

The potential, of injury fi;(mi any kind of 
radiation depends on the^rate of energy loss as .flie 
radiatipa travels through matter. This rate of ener^ 
loss in turn depends! on the type of radiation, its 
electrical charge and its energy. The energy Joss 
produces chemically reactive species, such as im pairs 
in the absorbing Inaterial, and these species do the 
damage, such as disrupting the functions of cells of v 
living oq^anisms. t ' ^ 

n): 



B. Radiation Detection < 



Atomic radiation is not detectable by the 
» human senses except in inassiye doses, but it is easily 
detected by several types of instnunents. One of the 
siihplest radiation detectors Is ordinary photograptiic 
fUm, ^lich darkens on. exposiKe to radiation and is 
routinely used in film- badgdi for measuring the 
cumulative amount of exposure received by people 
who work with sourdes of jadiation.lQther types of 
detectors such, as .Geiger counters, ionization 
chaitibers a^pd^ proportional counter^ are used to 
detect the presence and; measure the intensity of 
atomic radiation. These; it^struments can detect the 
presence of extreme^ snmn^ampunts of radioactive 
. materials. Radiation detection is also very sensitive^in 
its ability to identify spectfic radioactive substances. 
This is possible b^use every species of radioactsve 
atoni has a characteristic pattern of radioactive decay. 
C. Units for Measuring Radiatton Exposure 

The roentgen is the unit of exposure related . 
to the number of ion pairs produced in air by x-rays 
and gamma rays. It is the ipm of such radiation 
reijuired.to prodiice ions csfi^^ electrical, 
charge in ^ standard amddnt of air. The roentgen can ^ 
be measured directly since the electric Current can 
be. meaioired by an ammeter^ 

The radiation absc^d dose (rad) indicates the 
amount of energy deposited in material by any ty^ ; 
of radiation; It is a measurement of npt ordy ion 
.. pairs, but of all eneigy deposited. A rad is a very 
small unit. For example, one rad equals the energy 
required' to raise the bp4y teinpejraturej py 
two-mi)lionths of a degrcie F^hTeriKeit.- ^^^^ ,^ 

The roentgen eqifindent man (rem), is the unit 
of dose equivalerit. It iii a measure not on^ of energy 
deposited txut aisp the resulting biologk;al effects. 

•For instanc^^ 8up)H)se 500 rads. of gaiiuija rays 
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produce, 'a' cerfStt^* change in a tissue and SOr^dsof . 
alpha pAT-ticle radiation, produce^ the same. change. We * 
then would say that the alpha; fadiatioo was 10 times 
as powerful as gamma %radiation in causing this 
change. In other- words, the alpha . radiation would 
have a qualityjactor oF 10 when it is compared the 
gamma* ray. ' * • 

' We can use the formual rems = rads x quality 
factor to convert to rems. In our example, the quality . 
factor for ganun^ radiation is 1, Therefore, 500 fads 
muJtiplic|,d by a quality factor of 1 gives 500 r^ms. * 
For the alpha radiation, 50 rads multiplied by a . 
quality factor of 10 gives 500 rems. The number of ^ 
rems is thus the same for the two types of radiation 
which produced the same biolog^ical effect. 

• " Since radiation protection deals with the 
safeguarding of- people from unnecessary radiation 
exposure, regulation* and recojnmendations are 
usually written in terms of rems. However, it is often 
desirable to' work with, smaller units, so millirem 
(mrem), which is one-thousandth (.001) of a rem, 
1$ often used. For example, the maximum permissible 
e^^posure allowed for a radiation Avorker is 5 rems, 
or' 5000 mrem, per year. ? 

To summarize the units of radiation exposure, 
a roentgen refers to the ions produced in air by x- 
and gamma radiation. A rad refers to the energy 
deposited in any material by any ionizing radiation. 
A rem refers to the results of that. energy deposited 
in tissue. . . 

D. Sources J3f Radiation 

• ' ■ . ^ . 

As 'mentione.d,- humans have always been 
exposed to radiation. This natural or background 
^radiation comes from many ^ources. ^ 

f" 

^ ^OixG source, of natural radiation is high Energy 
cosinic radiation from the.^fun and st^rs.- This 
radiation interacts with our atnlosphere to produce a 
shower of charged particles. \ ^ 

Another, source of natiisal radiation is 
radioactive nuclides like the uranii&m and thorium- 
widely distributed in* soil and roiSks. The, more ' 
energetic radiation from these, radionuclides. irradiate 
us continuously. Als(5, a small part onall potassiuniis * 
radioactive potassium-40, and a small part of all- 
carbon is radioactive carbon^ 4. This radionuclide is/ 
constantly formed in the upper atmosphere by the^. 
interaction of cosmic radiation With atmospheric , 
nitrogen. These natiir ally-occurring radionuclide^iaii^f^ 
about SQ mrem/y.ear to our exposure. ■■'^'0" 

.The amount of radiation dose from natural 
background varies according to location. Fgr example, 
"the cosmic radiation, dose: increasies with altitude; it 
doubles from about 40 rnr^m/year to about 80^-^^^^^%. 
mrem/year when %omeone jnbves from Philadelphia . 
to a town high in the Rocky Mour^tains. 10,000 ft. 
higher. Expo^re also increases by 15 per cent as one 
moves from the equator to a geomagrietic latitude of 
50 degrees. 



. Siniilariy, the dose from rackation in rocks 
varies with locatiori, Moving from one part- of New 
York City to another may a4.d an additional 15 
Nji^rem/year dose, because of this difference in the 
natural background. . ^ ' 

Even the type of house a person lives in affects 
the amount of background radiatioj/received. People 
living in a wooden house receive about 100 
mrem/year. If they move to a brick-and-concret© 
house, they jnay get as much as 300 mrem/year 
becauSe ;<>f higher radiation- levels in the earthen 
building niaterials. / ' ^ 

Man-made radiation adds to the average dose 
that everyone receives. Most significant Is the 'dose 
from medical and dental x-rays.^ A, small amount of 
radioactivity is also received from . fallout from, 
weapons-testing and from nuclear reactors (See Table 
6). Thfe radiation dosSs in this table are genetically 
significant iloses^ which, means that they estimate the 
potential genetic effects of radiation on future 
generations. ' . * 

E. Factors Which Influence Radiation 
Effects 

« , 

" Radiation effects are not (Jependent solely on 
the amount of radiation received. Other factors must 
be considerjed. ^ ' 

-"^ , -^^ 

(I J 'Dose Rate Effects 

* The rate at which a radiation dose is received is 
an important factor.in determining its effect. This is 
' because living tissue is not inert; A^ soon as damage is 
produced, healing begins. Thus, if a particular dose is 
d^ivered aver a long period, it is possible that repair 
may keep up with the damage^ so that no detectable 
change would be produced' On the other hand, if the " 
same dose is delivered all at once, the change may be, 
noticeable. ' ... 

Knowledge of; the effects of radiation has 
generally resulted from data on large doses received 
in a short time. Data sources include Hiroshima 

. survivors, victims of radiation accidents and patients 
receiving radiatioqi therapy. However, most humans 
are exposedto low doses arid low dose rates, to^ee 
the .jbiologic^sfiffects of this type of radiation, oiie 
would have to^rtwerve large groups^jbf people over 
many generationsABecause 'of this difficulty, the 

• general practice is to predict the results of the low 
doses and low dose rates on the basis of high dose 
arid, high dpse rate data. 

^ ^^^^ order to be conservative in 

estimating radiation effects, one must assume ^hat 
some injury results from any exposure to radiation. 
According to the International Committee on 
Radiation ;;Protectior]i (ICRP): "The objectives of 
radiation prbtectiori arc to prevent acute, radiation 
effects, and to Jimit the risks of late .effects to an : 
acceptable • lev^, ^ For purposes of radiation - 
protection, any. ^posure^ is assumed to entai l a risk 
of biological 4amfge." It should be stressdfjphat fhis 
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TABLE 6 



Sources of Man-made Radiation 



Source 



Average Genetically 
Significant Dose 
(mrem/year) 



Medicine and Dentistry 

Diagnostic (1970) . 35 
Therapeutic 5 
IiTternar (Radionuclides) 1 

Environmental 



Weapons fallout * 
Reactors (Liv&g at site 
/ boundary) 
Reactors (Average person 
in the population) 



4 

d.03 
.or to .001 
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is not known to be the case. There *are certaLxly ^^^^Is 
of radiation that producQ^ no de*fectable, 
effects-background radiation and routine diagnostic 
x-rays, for example. But the most conservative 
asjumptions are used to insure maximum protection 
for^ei population. 

(2) Age of the Individual 

The age of the exposed individual can greatly 
affect his/her sensitivity to radiation. When organs 
are developing before birth, sensitivity is hig^i, 
because differoptiating cells and cells ' undergoing 
rapid jiivisionTare more Easily damaged. Similarly, 
from bfir^h to maturity, high rates of cell divisiSn^ahd 
possible- further differentiation make .4 child more^ 
sensitive to cadiation exposure. An adult is more 
resistant to radiation effects. Exposure, however, may • 
give rise to genetic effects , in the exposed'^dult's 
children. For a person beyond the reproductive age, 
genetic effects are not important. Similarly, radiation " 
effects which might appear only after a long time 
(for /example, tumor induction) would not be as 
significant to older people as to younger people. 

< (3) Part of Body Irradiated 

Some parts of the body are rpore sensitive to 
radiatiop effects than other parts. For example, if the 
upper abdomen is irradiated, the radiation effects are 

^ more severe than if a body area of similar size 

• elsewhere were exposed to the same^ose. This is 
^ because of the presence of vital organs in the upper 

abdominal area. The ICRP has recommended dose 
limits for the general public for different parts of the 
human hody. These doses range from,.a low of 500 * 

• mrem/year to the reproductive organs and red bone 
'manow to a high of 7,500 mrem/year for the hands, 
forearms, feet and ankles. 

(4) Extent of Body Irradiation 

Irradiation, of a small part of the body surface 
will have much less general effect th^ an equal dose 
per unit area delivered to the whole body, since tKe 
un inadi^te d portions can help the affected portiorts 
recover. 



^51 Biblogical Variation 
Jg^ it is I 



^'1 

^ Althougl^ it is possible to determine an average 
dose which produces certain effects, ' individual 
responses will vary from the average. For instance a 
dose, of about 600 rads in a single exposure killed half 
a group of rats within 30 days. On the other hand, 
some rats died after 400 rads a'nd some lived after 
800 Tfids. This is biological variation. ' 

F. Internal Radiation 

Most of what has been said so ' far about 
radiation effects has been in terms of external dose, 
that is, from, sources outside the body. When 
radioactive materials are taken into the body, whole 
body tffects may occur. Radioactive material may 
enter the body through food, water or air, but the 
most common source of • significant* levels of 



radioactive materials inside the body results from 
n u c lear medical tech niques. The se radioactive 
materials move through the body in the same manner 
as nonradioactive materials. They are also qiimina ted 
in the same maimer and constantly becomer w,eaker 
through radioactive decay. 

External radiation doses to an individual can be 
redluce4ii)y shielding, i.e., placing dense material 
betweeij^flie individual and the source; distance, i.e., 
moving away from the source; or shortening the time 
that the individual is exposed to^e source. When the 
ra^iactive source is inside theindy, reduction of the 
dose is not to simple. Also, the amount of internal 
radiation necessary to bring about a given effect is 
Oiucl) siiialler than that required from an external 
source.** jhis, is because the interiial radioactive'^ 
material becomes a part of the living tissue. " * 

The effect of internal r^d^on depends on 
several factors. One is the sensitivity to radiation of 
the organs or tissue t6 which the material goes. 
Another factor is the type and energy of the radiation 
' emitted-; this determiiies the quality factor. The 
physical and chemical form of the radioactive 
material also helps determine its effects. A major 
factor in the effect of internal ^ftdiation is the 
effective half-life (TE).of the radioactive material. 
This is the t^me it takes a person to reduce (he 
amount of radioactivematerral to one-half* the 
original amount. The efftffeijve half life is in turn 
determined by the biological H^f life (Tb), which is 
the time it takes the body to reinove one-half of the 
radiactive material; and the phys»al half life (Tp) of 
the radioactive material, as definW in Chajiter 3. 
These three terms; are related by the expression 

. ^ Ll = 1 + 1 

Te Tp Tb 

Thus a long-lived radionuclide emitting alpha particles 
and- d^jposited in bone, would be more harmful than 
an .equivalent amount of . a short-lived radionuclide 

. emitting gtimma rays, which are riot readily absorbed " . 
into tissue and do not concentrate in ariy organ. * 

. * . ' . i> ■ •* -V^- 

G. Radiation Effects 

Biological effects of radiation are divided into 
two general classes. Somatic effects are those 
observed only in the persofi who has been irradiated. * 
' Genetic effects are those seen in the off-springs of flie 
person iitadiateci. . ■ 

^ Somatic Effects 

(a) Cellular Response ^» 

The first event in the absorption of ionizing 
radi^ion is the production of e> cited atoms and ion 
pairs, ^Wh*k these are producfed in the chemical 
systente'of mcell, new and possibly harmful chemicals 
are produce™^ th^ original chemical structure of the 
cell is disturbed' by thfe radiation. Thus, toxic 
materials may be produced, furthermore, if the 
radiation affects chromosomal material within the 
cell nucleus, cell division may be effecteyd. Thus, a cell 
may respond to irradiation in several ways: 
chromosomal charges,, cell death before division. 
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faUure to specialize, failure 16 divide completely *or 
slowing its division rate. Some cells will be unaffected 
by the radiation. 



The cellular respogse^d radiation is deteripine^ 
by a number of factors. Among these are the celPs 
stage of specialization, its activity and its division 
rate. These factors parji^jally account for an embryo's 
great sensitivity to radiation. In the embryo, a small 
group'^ot cells will eventually specialize or form an 
organ, so these cells are especially radiosensitive. 

These factors also help to make radiation 

therapy possible. A patient with cancer, for example, 
• receives a number of exposures, giving him/her a large 

total radiation dose. Through the phenomenon of 
' repair following radiation exposure, the cells begin 

to riepair the radiation damage between exposures. 

However, the rapidly dividing cancer cells have a 

'greater chance of being destroyed. because they are; 

more frequ^jitly in the radiosensitive stages of cell 

division; < ' ' 

(b) Organ Sensitivity. 

The radiosensitivity of, organs and tissues 
depends on cell multiplication. In the lining of ttie 
gastrointestinal tract, for example, s^me cells ^e 
mature. These are cmitinuoulsy being discarded and^ 
replaced by new ceHs produced nearby. If a high dose 
of radioactivity is received, these rapidly dividing cells 
will be severely > decreased 'in , number. If the dose is_ 
not too high, .tfie surviving cells will be able to replace 
those destroyed! . • . ^ 

If a large dose is given to. a small area of the 
body, the general and local effects depend on which 
organ is irradiated. For instance, a large radiation 
dose to an arm will very likely cause detectable 
changes in the arm. But it will not result in death 
or severely damage the blood-making system, because 
the ' majority of this systerti was not exposed to the 
radiation. On the other hand, a moderate dose to 
the smdll reproductive organs can result in temporary 
''sterility. 

* p. 

V ; (c) Total Body Doses 

A large, sudden, whole-body dose of radiation 
produces the acute radiation sickness syndrome: 
nausea, vomiting, general aches and pains and 
possibly a decrease in the number of white gells. 
Localized phenomena, such as reddened skin or loss 
of hair, may be produced. Larger- doses cause 
weakness^ drastic de{>^sion of all blood dements 
and possibly sterility. Exposurie to thfe eyes' may cauje 
cataracts. At still higher dose" levels, death will 
probably occur. , 

-.1, 

It has been shown jiT Animals that high radiation^ 
doses cause the bodily changes tljat occur with q[gmg! 
It is obviously difficult to obtain .such datagSjor 
humans, but it is probable that" some degreeSij-^df.^ 
life-shortening may occur following high ^p^^ 
exposure. ^ , 

^ • Identifying the effects ofi6\y levels of radiation 
is difTicult because no new type of . malady ms 



produced. Instead, there is an increasec^ frequency of ' 

disorders which are also produced by others 

eft¥tfonmental factors^ or \yhich occuiN^pontaneously ( 

y^'^^wiih no known cause. For example, cancej and 
a I 



leukemia may -be long-delayed consequences of a 
single large exposure to radiation, and they may alsQ . 
follow chronic exposure. Bih^they are by no means 
an inevitable result of any form of humai^ exposure 
^o radiation. * , . 

MuclAecent a,ttention has been directed at the 
increased incidence of lung cancer in uranium miners. 
This may be due to the inhalation and deposit of the 
decay products of radon in the lining of the lung. 
Radon is ^ natural occurring radioactive gas resulting 
from the decay of uranium and thorium 
radioisotopes. 

; }2) Genetic Effects ' 

Genetic effects refers to the production of 
mutations, which are permanent, transmissible 
changes in the characteristics of an offspring from 
those of its parents. ' 

Mutations occur in alKliving organisms. They 
may occur of their own accord, apart from any 
known alteration in the environment. Whatever their 
origins, most mutations are undfersirsfble. Every 
individual has some of these* undesirable mutations. . 

Radiation-ipduced mutations' are divided ,into 
two classes: gene qiutatious and chromosomal 
ab nor mailt res^ Most radiation-indiiced alterations are 
gene mutations, which*tend 19 be recessive. In o^er 
words, the effect of thp mutation is not seen in the 
offspring unlesyvthe altered gene is carried by both 
parents. Even though the mutation may not be seen 
in first-generation pjjffspring, it makes such offspring 
slightly less fijf. - 

Chromosomal abnormalities include 
chromosome loss and chromosome breaks. These 
effects are.severe, the result usually being the death 
of the embryo before birth. This type of genetic 
effect happens much less freqiHently than does gene 
giutation. 

The increase in genetic damage to be expected 
^from radiation is sometimes discussed in terms of 
doubling dose. This dose would eventually cause a 
doubling in the Tate of gene mutations that occur 
spontaneously.' 

« 

In the United States, about 100 ^million 
children are boxn in a generation. Of these, about two 
pef cent will have dQtec table genetic defects' as 'a 
!6|msequence of spontaneous7-«.unavoidable . genetic 
changes passed on by all their ancestor;!. If a doubling 
dose 6( a ^diation were applied to present and future 
generations^ ^ it would eventually lead to a gene 
m^utation rate of four per cent. It would take on the 
order of 10 generations to^reach tfie four per cent 
rate. The doubling dose N:ited by the National 
Academy of Sciences report; "The Effects on 
Populations of Exposure to Low Levels of Ionizing 
Radiations/* is estim^ed to be 40' rads* (40,000 
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mra^j per generation. In other words, if th^ average 
dpse to the 'reproductive cells of all of the individuals 
of the^ pJ)pulation was a total of 40 rads frpra 
conception to age -30, or 1.3 .rads per year above 
background for every generation, after about 10 
generations the rate of 'impairing mutations would 
gradually increase so as to eventually double from • 
two per cent to four per -cent. This amount of 
radiation is far above that obtained from any current 
man^hiade source. (See Table 6), 

It should be pointed out that only bet^veen five, 
afid 12- per (jient of all genetic changes^ are, 9aused 
by environmental radiation. The bulk of all genetic 
changes is 'produced by other natural substances, 
incftiding en vi/6nmdhtal*« pollutants. 

; fl. Nonhuman Biological Effects 

i Iri hat ure, hundreds of thousand^ j)f species of 9 
plants and animals have b6en identified. Ij is ' 
re^onable fo expect Aat a wide range of sensitivities 
to radiation would be seen in this great variety. "While 
"radiation, protection guides . are v\Titten iibr the 
, projection of humanrs, much bf . the data upon which 
such guides ^e based wa$ jflerived' ffom animal , 
experiments. \ ^ . 

The basic conditions . that 'tend pr^djct 
radiosensitivity in humar^s, such as jk^elkdivision Jate^ . 
and age, apply to all dther lifejorm's. ffoj^ever, there^^ 
is a wide range of variatjon- among species, the more 
complex the organism; the jnorp sensitive it is id. 
radiation effects. > ' . * 

, ■ • ' . ' ' 
A number of types of organisms have been 
yj, known to reconcentrate radioactive materials in their 
lll^jGdies. An example is shellfish such as oysters and 
clams. These organisms can reconcentrate certain ; 
radionuclides up to 100,000 times the levels found 
in the water in which they live. This rec.oncentration 
does not ^appear to affect the well-being of the 
. animal, but people vAxo .use these shellfish as their 
. sole source of food could receive ^ significant fraction 
of> their maximum permissible dose in the process. 
For this reason, edibl? shellfish living near the outfall 
of a nuclear -plant are used as monitors for 
crosschecking radioactive discharges. • ' 

I, Radiation Effects from Nuclear Power . 
Plants ' 

What is the risk ^ harmful ^ radiation effects 
from nuclear power plants? To quoteLauristbn S.- 
Taylor of the National Council on Radiation 
Protection and Measurements: "There is a ' 
considerably region 'df^ radiation- exposuce about 
. which we htive very] kittle positive knowledge, this, 
is in {he region of doses of one Or two or , even a 
few rads, delivered all at once and not repeated too_ 
freamntlv: larger doses, say up to JO or 20 rads 
recemd essentially dlhat once but rarely, if ever • 
repeated; and finaUy^exposures at very low levels and 
at low dose rates, say at millirads or less per day. 



but persisting over Iqng periods and totalling only 
some five or ten rads distributed over * a lifetime: 

''It i^ particularly this latter condition which " 
is of concern to the public with the .use of nuclear 
reactors, and it is this range and kihd^of exposure 
^pon 'which we have little' posi five and direct 

f knowledge. But it is in the same range of exposure 
that we have made a tremendous effort of atterhpting* 

Jo discover effects,' with all results so far being 
convincingly negative. Tliis inability to find effects 
is itself extremely important, but it must be 

, recognized that the test samples may not have been 
large enough. -.The levfls of dose about which the 

. public is concerned in the nuclear power industry are 
at the most a, f€%V' thousandths of a rad peV year, 
and more likelj^ss tlian a thousandth. ..The upper 

. dose "limit to the population for all man-nmde 
radiation is 700 times less tluin the lowest dose of 

..gamnia rays which has been statistically shown to \ 
cai^e leykemk^ 

y,' /'^At the same time the population iose limit 
isfhtftast some hundred times higher tharf tke average 
dose w the population from all thp reactors expected 
to be installed between now an^ the year 2000,* 
assuming no improvement ' in our protection 
techniqms, " ~ 

Perhaps the only problen^. is that we do riot 
know ho>y td measure the effects 9^5tfph very low 
doles of radiation, because they ar^'t^o^ small of 
happeit too infrequently to be measure cf by any^ 
pre^nt techniques, Jhis means that if the effects 
cannot be measured by any of tjft fairly sophisticated 
methods available today, the potential hazard-if it 
exists at all-is sufficiently small so that.ther^ is time 
' tt)' further study and analyze the problem without 
a, senous risk.. * 

However, . this very fact of being unable to 
detect any effect, accompanied by an unwillingness 
• \o say that there is no effects' at all, has led us into ■ 
a dilemma. In order to avoid setting standards which 
would expose the public to unnecessary radiation, 
and what future knowledge « may show to be 
■dangerous' amounts of radiation, the National Council 
of Radiation Protection and Measurements has set 
exposure limits based upon the following' very 
cautious assumptions: ' ' 



1. 

2. 
3. 
4: 



Thefe is a single, linear dose-effect relationship 
for the effects of radiation, from zero dose with 
no'effdfc.t to the known effects of high level 
dosps. ' /; . ' « 

^^There is no threshold of radiation. below wjjjch 
there is no effect.- } : • 



All doses received by an individual 
additive-that is, their effects add up. 



are 



There js no biological recovery front the effects 
of radiation. 
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Much of the available evidence indicates that several 
. of the.aboVe assumptions are probaly not true, but 
in the interest of safety, we assume that they are» 
under the conservative philosophy that it is far better 
^ to be. oversafe than to be sorry at some future date. 

•The radiation protection guide, arrived at as a 
result of these assuinptions, gives a maximum 
permissible dose to ^ general population. The 
maximum is presently t70 mrem/year above natural 
background. This figure does not include an 
individual's radiation dose from medical procedures. 
The NCRP -does not attempt to regulate or limit 
radiation exposure for necessary diagnostic and 
therapeutic purposes, but it does recommend 
reductions in the exposure which does not contribute 
tjl^^^^tment or diagnosis. 

To keep the dosage which we may expect to 
receive from nuclear power plants in perspective, -the 
maximum exposure to the public from the combined- 
effects of all. nuclear power plants expected to be 
cor^tructed by thb year 2000 will not be a total dose 
greater than 10 miliirems. . 

The Nuclear Regulatory "Commission insures 
that release of* radioactivity from nuclear power 
[^ants is as lovP as practicable. Proposed guidelines 
for defining these '^as-low-as-practicable levels would 
keep radiation exposure of persons living near nuclear 
power stations to less than five per cent of the 
average natural background- radiation. Such exposure 
would be about one per cent x)t less*of that which 
federal projectipn guide; allow individual^embers of 
the public. • 

2 Health Effects of FossiUFueled Power Plants 

. Health effects from fossil-fuel use come mainly 
"from the ^r pollution caused by the burning of such 
fuels. Fossil-fueled plants. produce air poUution'in the 
forrn of ".oj^des 6f sulfur and nitrogen, carbon 
monpxide, unburnedJiydrocarbons and par^culates 
in the Jorm of fly asrirhTable 7 shows typical amoui\ts 
'of pollutants released to the environment by a 
- .l,006-megawatt power station. The figures in Table 
7 assume the uset of 2.3 million tons of coal 
containing 2.5 ^per cent sulfur, 460 million galloris 
of oil containing 1.6 per cent sulfur by weight and 
68 billion curbic feet of gas. They also assume a nine 
per 'cent fly ash content for the C0al and 97.5 per 
&nt fly ash removal efficiency. No other pollution 
control equipment ^ assumed in determining these 
.figures. 

In t^ ^bout air pollutants, the term parts per 
million is fre(|liently encounteresd. This term is an 
expression of the concentration of* one material 
within another material. For example, it is used to 
" " express the concejitmtion of a gaseous pollutant, siich 
as sulfur dioxide, in another gas, such as air. One part 
per million (ppm) means one part of the pollutant to 
ont (nillion parts of air. 



A. Sulfur Dioxide 

Sulfur dioxide (SOo) is an air pollutant of 
major concern. Power plants emit more of it than 
any other pollutant. It is ^ colorless ^as produced 
when fuels containing sulfur are burned. Most people 
can taste it at concentrations greater than 1 ppm, 
, and, it has an irritating smell at concentrations above 
.7 ppm. In the environment, sulfur dioxide is 
transformed^to sulfur trioxideor to sulfuric acid and 
particulate^ sulfate salts. These transformations 
depend on the presence of rnoisture in the air, on 
the presence of dusts and smokes, and on the 
^ intensity and duration of sunlight. 

Oxides, of sulfur affect the respiratory system, 
which includes the lining of the nose, the throat and 
lungs. Laboratory studies have shown that sulfur 
dioxide constricts the bronchial tubes in experiment »! 
animals' lungs. 

In general, the laboratory work performed thus 
far is not entirely relevant to the real environment. 
In the real environment, the concentrations of. a 
whole spectrum of pollutants are constantly 
changing. The amount of moisture in the air changes, 
So do the intensity of sunlight and temperature./ 
Although it is very difficult to reproduce all these 
changes in the laboratory, valuable information on 
^sulfur dioxide has been gathered. It has been shown, 
for instance, that it is not wise to measure only one 
pollutant in the air and then use that data alone to 
describe the quality of the air. The interaction of 
the various pollutants can hive pffects different from 
those produced by an individual poUubnt. For 
example, sulfur dioxide alone acts as a bronchial 
restrictor that can cause breathing problems, 
especially for those who already have a breathing 
impairment. Certain aerosoft, such as iron, manganese 
and vanadium, which maylje present in particulate 
. matter, react with the sulfur dioxide to form sulfuric 
' acid. Sulfuric acid, a moxfi^vere irritant to the 
bronchial system, can penetrate^eeper into the lungs. 
Therefore, combinations of particulate matter and 
sulfur dioxide are potentially m'ore dan^ging than 
either alone. . ' 

Another way 'to study the problem of the 
oxides of sulfur is throu^ epidemiology, the branch 
of medicine that deals* with epidemic diseases or 
illnesses. The epidemiologist must think of all the 
possible causes for the disease in the^oup of people 
and then carefully eliminate all, the ^ses bat one. 
Epidemiological studies lack the controlled 
conditions of the laboratory, but they are carried out 
. in the real-life environment. Froitl these studies, it is 
i:lear that the oxides of s^^tfur in the air affect the 
health of people, and that the severity of the effect is 
directly related to pollution levels. 

The results of some epidemiological -studies of 
ihe effects of sulfur dioxide, are listed in Table 8. 



^ ^ TABLE 7 ' 
Typical* Emissions from a 1000 Megawatt FossiUFueled Generating Station 



Pollutant 



Annual Emissions (Millions of pounds) 
Coal Oil Natural Gas 



Oxides of Sulfur 
Nitrogen Oxides 
Particulates 
Hydrocarbons 
Carbon Monoxide 



306.0 * 

46.0 
9.9 
• 0.46 

' 1.15 



116.0 , 
/ 47.8 
1.6.. 
, 1.47 
0.0J8 



0.027 
26.6 
. -J .02 



TXbLE >8 
Effects of Sulfur Dioxide 



4: 



Location 
England 

♦ 

England 
Londori 
, London 
London 
Londori 
Rotterdam 
New York 
N6W York 
Chicago 



SO2 Concentration (ppm) 
0.040 



0.046 

0.20 

0.25 

0.35 

0.52 : 

0.19 



0.007 

to 
0.8$ 
0.5 



0.2^' 



Effects 

This annual mean produced an increase in death 
from bronchitis ^and lung cancer^ with cigarette . 
snrioking, age, occupation and class taken into 
consideration. 

This long-term level increased frequency and 
severity of respiratory disease^ in children 

> This one^y average accentuated symptoms in 
personsi^ .with ■ chronic respiratory disease. 

* Rise in daily death rates after abrupt rise to this 
level. 

■ * 

Distinct rise in deaths with concentration over this 
level for one day. 

Death rate appeared to rise 20 per cent over 
baseline levels. : , 

Apparent increase in total ^mortality after -a few 
days at a mean concentration of this level. 

^ ^ise in upper respiratory infections and heart 
disease complaints during the iO^day period. 

Excess deaths were detected after** 24 hours at 
concentrations over 0.5 ppm. 



This one day average increased illness in 
.patients with severe bronchitis. 
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Under the 1970 Clean Air Act, the 
Environmental Protection Agency has set^alr quality 
standards for several pollutants, including SO 2, to be 
met July 1, 1975. The act limits the use of high sulfur 
fuel unless some practical method of SO 2 removal is 
devised. This regulation was the -primary cause of a 
large number of power plants converting from boal to 
oil in the 1970's, thereby aggravating' the problern of 
increased dependence on foreign oil sources. ' 

Since coal is relatively plentiful in the United 
States, Bome practical method, fop reducing the SO2 
cmissiorS-ftrDm coal-burning plants would greatly 
increase our usable fuel supply. Four approaches - 
seem possible: mine arid burn low-sulfur coal; mine 
high-sulfur coal and' clean i^ before burning; burn 
high-sulfur coal and take out the SO2 with scrubbers; 
and burn high-sulfur coal and disperse the SO2 from 
tall stacks. . ^ ^ . ^ 

As noted in Chapter 2, there is not much 
low-sulfur coal in eastern U.S., where much of the 
demand for electricity iS' found. One solution would 
be to ship low-sulfur coal from" western fields to 
power plants, in the east, but our current 
transportation system inhibits this to a significant 
degree. Nuhierous studies are underway to develop 
efficient- rail systems, and research is also being done 
on making coal slurry (coal particles carried in water) 
and transporting it in a pipeline. However, there are 
problems in getting the; right-of-way' for such a 
pipeline and in obtaining enough wat«er in the arid 
regions where the coal is found. This water shortage 
also limits building mine-mouth power plants in the 
west and sending the electricity to population centers 
by transmission lines. Another problem in ;he use- 
of the western coal is, the uncertainty of when; 
large-scale mining will be permitted because of its* 
environmental* impact. ' 

Because of these limitations, attention* must be 
focused on finding ways to use high-sulfur coal. There 
is currently a great deal of debate on the acceptability 
of tall-stack dispersal. The Environmental Protection 
Agency is unwilling to accept it as a permanent 
solution, but since tall stacks do reduce the SO2 
concentration at ground level, it is willing to accept 
it as a temporary solution. The EPA is thus insisting 
that electric utilities either - burn low-sulfur coal, 
remove the sulfur before burning the coal, or remove ' 
the sulfur Ij^fore stack gases are released. 

Today, several systems are used to corUrol the 
emission of SO2. Most of^ these systems use^ sliirry 
of ground limestone and water 4^ Convert the SO2 
to compounds of calcium sulfate and calcium sulfite. 
A description of one such system is as follows: the 
hot exhaust from the furnace is passed through a 
large electrostatic precipitator,* -where most of the fly 
ash is semoved. It then goes through a series of 
scrubbers,, where the hot gases react with the 
limestone slurry, removing 90 per cent or more of 
the SO2. The gases, now containing mainly water 



-vapor, carbon dioxjde,and nitrogen, are then reheated 
so that they. can be ^xKausted out the stack, 5uch 
systems produce lajge amounts of wet sludge, which 
has little or rto comitiercial value, poses formidable 
disposal problems and has the potential for poltutinj 
ground water: Researcii is underway to develop ways 
of solidifying,- tliis sludge so that it can be used as 
fill material lirdepleted coaljmines, both underground 
aipd. strip minp$, It'is estiwited by some developers 
that these systems wguld increase the cost of 
electricity to the consumer by about 10 per cent. 
Some utilities fear that the cost will be 30 to 50 
per cent, especially when the sludge, disposal problem 
is -considered. This illustrates that having a cleaner 
environment will require the additional expenditure 
of eifergy and make the energy which we use more 
expensive. 

^ B. Particulates 

Particulate^'are primarily rtiineral ash, plus 0.5 
to 5 per cent unburned fuel. The effects of 
particulate air pollution on health roiate to the 
respiratory system. The- damage may be due to the 
particulate itself or to the gases, like sulfur fioxide, 
Which are carried on the particles. Here again, it is 
difficuh to separate the effects of particulates from 
the effects of other known pollutants in the air. 1 he 
particulate load in the air was proportional to the 
sulfur dioxide concentrations in most of ihe studies 
cited in Table 8. . , . ^ 

In one system for removing particulates, hpt 
flue gas is passed through a dust removal system as 
it leaves, the boiler. This dust removal system, a 
combmation electrostatic precipitator and mgdjitinical 
dust remover, traps more thaW9 per cjBr'of the 
particulates in the flue gas beiore it is released ao 
the atmosphere. The ash, often referred to as fly ash, 
cap then be collected and transported to a disposal 
site. ' . . • . • 

G.' Oxides of Nitrogen 

This class of pollutant incltrdes four different 
oxides, but most studies have been conducted on 
-nitrogen dioxide (NO2). During combustion, the 
nitrogea in air (79 per cent by volume) combines 
with oxygen to form nitric oxide. Although the 
amount of sulfur oxides released by a plant can be 
readily calculated, the concentration of oxides of 
nitrogen depends on the temperature of 'the furriace, 
the gas-cooling rate, the amount- of excess air in the* 
furnace and the method of firirig.,The concentration 
is thus difficult to calculate. - 

Nitrogen "^dioxide was significantly correlate^, 
to increases in respiratory disease when mean daily 
concentrations between 0.062 -and 0.109 ppm were 
recorded in Chattanooga, Tennessee. Nitrogen oxides 
also play a significant part In the formation of smog. 

Combustion modifications . and stack-gas 
scrubbing offer possible cbntrol of pollution from 
oxides of nitrogen, but no proceiss has ypt been, 
proven really effective. Some exploratory work has 
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been reporftd on simultaneous removel oF the oxides 
of boih nitrogen and sulfur. • ^ - 

D. Hydrocarbons^ and Carbon Monoxide 

The 'production of hydrocarbons and carbon 
. monoxide in power plants is currently overshadowed 
by their large-scale release from motor, vehicles. Both 
of these poDutants can be reduced by more jefficient 
fuel combustion, which cojiverts them to relatively, 
harmless carbon dioxide and water. 

.Hydrocarbons can react with nitrogen dioxide 
to become a major cause of snjog. They have also 
been directly liriked with an increase in the incidence 
"of lung cancer. ^ * . 

VCarbon iiionoxide primarily affects p^ons 
suffering from poor blood circulation, heart disuse, 

- anemia, asthma and various- luftg diseases. •. 

V tE. Radiation from the Burning of Coal 

; All coal contains a" small amount , of 

\naturally-6ccurring radiactive materials, such as 
potas$ium, uranium,- thorium and their decay 
products. On the assumption that there ai»e f^vre parts 
per million of radioactive matehal is coal (0.01'pgUnd 
pej ton),>then a 1 ,000-megawatt electrical generating 

.{rfant, burning' about 10,000 tons of coal per day, 
liberates about 100 pbuhds of.radioactive materials. 
Most of this radioactive rfiatetial is contained in*the 
unburned particulate matter and asii, but some of it, 

^^such as radon gas; is released to the atmosphere. 
Thus, the average coal-burning plant will release more 

-radioactivity dnto the environment than many 
modern nuclear power plants. These amounts of 
radioafctivity ar6 well below established radiation 
levels. No environmental daihage by radiation has 
been delected near stich plants, and so no effort has 

- : been made to date to control it. 



Occupational 
Mining Coal 



Healtji Hazards from 



An occujJatipnai health hazard frequently 
assoqiated with the mining and handling pf goal is^a 
family of respiratory diseases commonly kftown^s' 
"bhcklung/* Black^lung, also known^ as: miners' ' 
asthma, includes anthracosilicosis, coal miners' 
pneumoconiosis, chronic bronchitis and emphesema. 

These diseases result from the inhalation of coal 
dust andSits associated materials. The lung injury 
' frequently occurring is a kind of fibrosis, which is 
an abnormal growth of lung tissue which/displaces 
working lung structures.. This injury severely restricts ^ 
a person's ability to breathe and work. The added 
stress on the Jieart contributes to heaM attScks. 

I 

The degree of impairment appears to depend 
on the type of coal mined and the^smoking history 
of the victim. More significant impairment occurs in 
anthracite miners who smoke (about 40- per cent of 
the miners), 'as compared to a rate of nine per cent 
aiitong nonsmoking bituminous miners. , 



^ Federal health and safety regulations regarding 
the control of dust and the medical suiyeillance of 
miners will have a beneficial effect on (he incidence 
. and severity of this disease. 

3. How Saffe^jis ^dfe Enough? Risk Versus Benefit 

Following 'closely behind the tremendous 
technological growth in recent' years in the advanced 
couijtrie^ of the world have been social and economic 
benefits. But each advancement has afto brought a 
^cost or risk to the people. Both benefits^d risks 
aff^^pt the quality of life of the population. Befits 
include nigher , standards of living, better health care 
ana more leisure iime. Risks include urban problems, 
pollution, technSlogica^ unemployment and the social 
stress and'strain^of riTodem life. 

■ ... ■» • . V ^ ■ * " 

There is* no * precise -definition of /'quality of 
life/' but thV\;ideijtfflcalion of several major 
c 0 m p 0 ne n ts \^ y^osslble . First, the National. 
Environmental Policy Act of 1969 is strong evidence 
that most citizens accept the conservation ^f the 
natural environment as important to the quality of 
life. Secdndi there is little doubt that relatively full 
employment md at least modest affluence for most 
indilWuals are important to the public/ Third, goods 
and ^services dependent on electrical power play a 
large part in shaping the man-made enviro^mient, 
especially indoors, where most people spend tijc, 
majority of their time. The typical citizen wants 
lighting, forced-circulation heating, radio, television, 
air conditioning and scores of other things requiring 
* electricity, 

•9 

• We cannot demand more benefits from electric 
power without accepting the^ risks involved in its 
generation. We have seen some of these risks in this 
chapter-risks from radiation and risks from the fossil 
fuel pollutants. What must be done is for the public 
to assure ^that through proper' regulation and 
engineering these rikks.are minimized,;so that we can 
continue to enjoy the benefits of electricity. 



140 



i3i 




ERIC 



p;. 



SUPPLEMENTARY 
MATERIALS 



CHAPTEF^ f 



V 



9^. i ^ 139 



V 



- * ^ , 



' StVdcnt; Activity: Compute Vour Own Radiation Dosage 

We have seen that radiation is all about us and is part of. our natural environment. In this exercise yoiT 
will get an Idea of the amount you are exposed to every year.' The unit of radiation used here is the millirem. 



WHERE, YOU 
L^VE ' 



Common Source of Radiation 



Location: Cosmic radiation at sea level 
Add I for every 100 feet of 
elevation wherQ you Kve 



House construction: 



Wood "35 
Concrete 50 
Brick 75. 
Stone 70^ 



Gtound (13:S. Average) 



Your Anr\ual Inventory 
(mrem/year) 



40 



56 



WHAT YOU EAT 
DRINK AND 
BREATHE 



Water and food (U.S. Average) 
Air (U.S. Average) 



- 5 



4I0W YOU LIVE 



HOW CLOSE YOU 
LIVE TO A NUCLEAR 
PLANT 



Jet Airplanes: Number of 600Q-mile flights x 4 ■ 

Radium Dial Wrist Watch: Add 2 ■ 

Television Viewing: 

Black and white: Number of hours per dj^y X f 
Color: . Number of hours per day x ^2 



X-ray D^gnosis -and Treatment 
LimSk-fay: 42p 
Ches^-ray: 150 * 
Stomach \-ray: 350 
Colon x-ray: 450 " 
Head x-ray: 50 
Spinal x-ray: 250 
Gastrointestinal tract Jc-ray: 2000 
Dental x-ray: 20 



At Site Boundary: Number of hours per day x .2 
One Mile Away: Number of hours per day x 0.02 
Five Miles i^y :' Nuirib^^f hours p^r day x 0.002 



TOTAL 



Compare your dose to the U.S. Average of 2()fikrnrem/year - 



Courtesy of San Diego Section 
American Nuclear Society 
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A COMPARISQII OF PUBLIC HEALTH RISKS. 
NUCLEAR VSV OIL-FIRED POWER PLANTS 

/c. Starr, M. A. Gre^fenfield, and D, H; Hausknecht. 
^ Nuclear News, October, 19.72. 

- Unless there is a major breakthrough in the 
^ technology and production of gas ^ (as by coal 
gasification), there are probably insufficient suppli^^ 
of-^ to meet the near-term requirements without 
substantial increases, in cost and^nreliability of 
supply. Consequently, this, analysis^vill be restricted 
• to the comparative p^ujific health aspects of oil-fired 
and nuclear power ^^pkrits and their associated 
activities of a typical urban setting. Operations, of 
these plants upoo conditions up to the present federal', 
- regulatory limits are esturt^ted in this example to 
cause 60 times more respiratory deaths due to fossil 
fuel ppllution than cancer deaths due to nuclear 
plant effluents. In normal practice, neither plant 
would be expected to expose the public to these 
limits, primarily because the routine effluents must 
be reduced below regulatory levels to meet a variety 
of conditions, and would thus be expected to be 
jubMarttiftUy less (by a factor of 10. or, more) under ' 
average circumstances. * \]/ 

, ; -;.V.In* ;both; .jt/pes ;of plants;^ j^utfMc risks of 
V :contimrous Qperati^ limift ar^ jn t^e 

^^TjingC'Of :^os6'due^^ o^ man which 

«tayev-^ciiM They are in, the 

parji p[< this socially acceptable range for the 
oil<^fire*d ' {^Uint (60 deaths per year in a population* 
<)f;lb, jnaii*i) and in the, "negligible" part of the 
' range: for the nuclear plant (one death per year in 
population of 10 mUlipn). ^ 

. In both cases the integrated accident risk 
(averaged over time and all episodic events) is about 
10*^5; of the continuous exposure, for either the 
nuclear plant or the oil-fired plant. For the analyzed 
: awident and equal probability of occurrence, the 
y'dil-flfed plant has a substanrially worse public health 
:'impA^ \than the ntffclear. For example, the 
onwrha-million-years event for the oil-fired plant 
, .w^Siild lead to, approximately 700 respiratory deaths . 

.'iii;.a populatiori center of 10 million people; while 
y. the one-in-a-million-years event for the nuclear plant 
. ^uld result in approximately one death in the'same 

. population, 
it- 
Table 1 sumpiarizes the estimates of mortality 
for exposure of large populations to routine and 
accidental releases from both the nuclear and the 
oil-fired plant. 

Pollutants and their effects '^^ 

^ Information on steady-state releases to the 
atmosphere and to bodies of water is plentiiiil and 
well established for both fqssfl and nuclear fuel 
plants. Estimation of the frequency ^d magnitude 



of transient or accidental releases is less firm. In 
. either case, the correlation of levels of pollutants and 
public health risks i^ primarily based' on 
epidemiological studies! * These characteristically 
represent small samples of the population with many 
variables that are not as controllable as in a 
laboratory study. Experiments on animals in 
controlled situations are numerous but extrapolations 
to humans do riot generally rest on a proven modeh 
Hence -the correlation of public health risks with 
pollutant levels is on a much less firm fesis than the 
correlation of pollutant emissions with plant size or 
type. 

* The ce difficulty in making a comparison 
^ of the health effects' of power plants that use 
' different fuels arises from the pfoblem of comparing 
pollutants with totally different effects on humans. 
For example, the sonjatic risks due to sulfur dioxide 
or radioactive iodine'depend not just pn the relative 
quantities involved but on the nature#«nd severity 
^ of their effects on humans. ConsicJfrihgAjp oil-fired 
plant alone, >^e types of polluta'nts released may 
change signiiicantly vdien different fuel^^^ipplies are' 
used. For f?cample, some availaWc Spi^n American 
oil reserves yield an aKh that is 60 percent vanadium 
pentoxide, the healthVeffects of which, are not well 
known. For dironic low-4evel exposures of the public 
to any pollutant, the difficulty is compounded by 
more subtW^ synergistic effects, which have been less 
susceptibleVtb quantitative measurements-such as the 
ubiquitous -combined of sulfur pxides and 
particulates. In addition, the sensitivity^pf individuals 
varies widely. . • 

V *» 

In spite <r of the' lack ofy precision in our 
knowledge, some perspective on the relative effects 
of important pollutants is possible. Figure 1 
summari3i;es available data and uses loiown lethal 
levels as a benchmark for radiation, sulfur dioxide, 
and nitrogen .dioxide. Because ofrthe uncerjtain data 
for large population, the traa^ition from medically 
perceivable effects to disability and lethality are 
indicated as three approximate ranges in Figure 1. 
Ranges of medically perceivable effects are about 10 
times lower «than lethal levels for radiation and sulfur 
dio^de and about 100 times lower for nitrogen 
diokide. In this discussion "medically perceivable is 
being used \o mean, "in vivo" clinical measurements 
on man, in contrast to studies on other forms of life. 
Included on the graph are the natural background 
levels which have been man's normal environment 
during most of his evolutionary history. For all three 
pollutants the natural background levels are about 
100 tiirtes lower than the ranges of medically 
perceivable effects. 

V 

Included in Figure 1 are regulatory limits 
governing radiation, S(]Lilfur dioxide, and nitrogen^ 
oxide. Eadi of these limits apidies to an average level 
to which large populations. might be ex^sed on a 
. continuing basis. They are, howevcV, not all 
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^ implemented in the same way^. The limit for average 
" radiation dose to large populations is complied with 
by continuous monitoring of reactor effluents. In the 

•'•case of fossil fuel pollutants, measurements are 
usually conducted off-site and the ambient levels are 
usually the resuYtant of contributions from power 
plants and other sources-e.g., fuel, combustion for 
other purposes such as industrial plants * and 
transportation. 

In examining the figure and noting that the 
AEG limit on reactor emission levels is the only 
regulation that is below background, it is erilightening 
to calculate the per cent above background permitted 
by the various regulations. The values are 1 per cent, 
10,000 per cent, and 400 per cent for radiation, 
sulfur dioxide, and nitrogen dioxide, respectively. 
Much greater excursions above background levels afre 
allowed for pollutants that are less well understood 
as to their medical impHcations. This is especially true 
with respect to the possible carcinogenic or genetic' 
effects of sulfur dioxide and nitrogen dioxide when 
compared to the information oh radiation. 

In revising its regulations in June 1971, 
establishing 1 millirem as the maximum acceptable 
large population exposure, the AEC explicitly stated 
that no new biological evidence had been preserited, 
but "^that the new regulations reflected a further 
implementation of the "as low as practicable" point 
of view. Similarly, the very low ambient 
concentration level required for nitrogen dkoxide 
might also . reflect a practicable limit. The high 
regulations for sulfur dioxide implies that abatement 
methods are nflLpresently economically feasible. This " 
suggests that^oeral regulations are not consistently 
or solely determinecj^^by the available medical data 
or public heafth criteria. 

Cellular eff^c^^lf polluUnts 

Chemicaj^ttack on DNA, the genetic material 
of Hvjng cells, »'jJroduce mutations-changes in the 
structure 9/ Dl^ that are inherited by succeeding 
cell generations.* When the DNA is in a germ cell, 
ih? ralt^tion becomes p^ of our load of mutations; 
V)t may result ittjM|ncreased frequency of occurrence 
' tfi ^^hildra^^efjflpr^ afflictions as cystic fibrosis, 
. jPtWe^tif^ and phenylketonuria, 

< orjLQjdHU^ one of the innumerable minor 

' Wry^^^^^^^ tliat 4ire "the diffeyfntial cause of 
)tilnedkatJT(/f'}pi^^ ihifeproduce of between one-fifth . 
^/dfUt tyyO'thirds 0^ ffie pen^ who esdape being killed 
Vhefprg ^ Yepfpi^udtion^ prevented .from 

^ r€pTodbi(^tig,^iyy'bth^^ causes. " When 

^tfie DKIA isJn,the"aey^opirf^ fetus, the mutation may 
• fiesuU i^ fetal u^stpg© on in one or another of the 
. wn^W-^^ some six to ei^'t 

. per.-.cignt -idf^^^j^^^ DNA is jn a 

somitl(i-cen loif. i chfld oif^ aritacluit; themiitatiph. may 
resul^in Jhe^^ transforation bf; the normal cell to a 
malighant call Vnd.'ithus. jrjduce a potentially lethal 
cancet ^ ^ • * . 



One of the principal modes of actian of 
ionizing radiations on living cells is through the 
produdiqn" of free radicals in..the water within the^ 
cell: These/ree radicals-chemical species with an odd 
number of electrons-are highly reactive and attack 
V DNA at many sites. But radiations are not unique 
in their ability to initiate free radicals within cells. 
Ozone, for example, when .dissolved in watp, 
decomposes to form free radicals. The normal 
amount of ozone at sea level, 0.02 ppm, if entirely 
converted to free radicals in the. body, would produce 
about 4,000 times more free radicals than are 
pT'6duced by the natural background radiation levels 
of about 0.1 rad per year. 2 3 Oxone contents of 0.02 
to 0.2 ppm are not uncommon'in the Los Angeles 
basin, and the "alert level" of ozone In smog in Los 
' .Angeles is , 0.50 ppm. Not only Ozone, but also' 
oxygen, is converted in the body into free radicals 
by norrnal metabolic processes. Thus the action of 
radiation is not qualitatively different from that of 
other environmental agents, and the risk of increasing 
radiation levels by the operation of puclear power 
stations must be weighed against the qualitatively 
similar risk of increasing the ozone and other 
pollutants in the atmosphere l?y the operation of. 
fossil-fueled power plants. ^ 

At ^he molecular level, mutations, cpn result 
from the reaction of a single molecule with a 
molecule of DNA. Therefore, single ipnizatioYis can 
produce mutations or activate latentviruses in living 
cells. Similarly, carcinogens (benzo(a)pyrene, for 
example, which is found in cigarette smoke and is 
produced in the burning of oil and other fossil fuels) 
can induce cancer when bound to DNA in ratios of . 
one molecule or less of carcinogen to one molecule 
of DNA.4 From this viewpoint the notion of a 
threshold, a level of radiation or ozone, or 
benzo(a)pyrene, or other of the * innumerable 
carcinogens, below which there is absolutely no risk 
to the population, is illusory. Thus there is a potential 
. hazard from the emissions of nuclear poy^er 
stations-fission or fusion-or from xonventlfirhal ; 
po^er stations-oil, coal, or gas. ,T^is:*js j^lso tru« of ' 
every natural and mpnmade ^ysfckl . or chemical 
ajgent in the environment. The importantxi^^stjon is, 
'How great is the hazard associated y^ith^^i^e'n l^vel 
of each emission?" \ ' 

" ' ' .. 

A general statement that can be made abolit 
the magnitude of the hazards asstj^Jiaied- with 
environmental- agents is that the hazards'%cr^^:v^th ' 
the level of the, agent and the duration t^^Sposurc 
of the population. A more specific stet^jiTieri,t* must 
be based on detailed data about the actiori of each, 
agent. Even closely -related chemical Agents,, Cw;' 

/.^example, when tested at equal concehtratioris oh 
i fisol^ted mammalian cells, differ. by several orders of 

. magnitude in their abili^ to bind tp DNA or cause 
mutations in the DNA Interactions among agents 
further complicate the picture. Radiation, for 
exaipple, can increase 'the efficiency of oncogenic 
viruses in transformirjjg normal mammalian" cells to 



• malignant cells. This comprcxity incfeases greatly 
gioing from isolated cells to -laboratory animals, and 
increases enormously in the human population. 
Therefore, to- the extent possible, estimates of the 
magnitude of the risks associated with the exposure 
of human* populations- to various environmental 
agents must be based on data* accumulated from 
observation of human populations /that have been 
exposed to these agents. ^-^^ 

Respiratory effects 

■ The effluents of fossil-fueled' plants are 
comprised of a wide variety of materials including 
sulfur dioxide, nitrogen dioxide, hydrocarbons, 
carbon 'monoxide, heavy metals, particulate matter, 
radioactive radpn and daughter products. Some of 
•these substances take pari; in photochemical reactions 
leading to other species of concern-e.g.,'dzone. 

From this Variety o*f materials there is ,a 
spectrum of physiological effects. Deleterious effects 
on the respiratory system caused by sulfur dioxide 
' and nitrogen dioxide acting in concert with 
suspended particulate matter are generally assumed 
to be the primary arqas of public health concern. Tliis 
assumption will be ^.pdopted for this study only 
because more quantitative health effects data are 
available for these materials. In particular, for chronic 
exposure of populations to low levels of episodic " 
exposure to high levels of sulfur dioxide ^an^.i 
particulate matter, an e^mate of the correlation of 
mortality risk can be haade from available data. 
•Nevertheless, there is an additional unquantified risk 
•from the other components of fossil fuel emissions. 

Ranges of concentrations of sulfur dioxide and 
exposure^ times for -significant health effects and 
mortality rates in exce$s of normal expectation are 
summarized in Figiife 2., Particulates are not taken 
into account in this figure, but they must be present 
for sulfur diolude-W be effective as indicated. , 

Detailed anal/tic studies of several types of 
populations in Chicago indicate a significant 
incremental point for the occurrence of increased 
death rates, Increased symptoijis in bronchitis and 
increased .occurrence of respiratory infections. This 
point Qcciirs 'between sulfur dioxide levtls of 0.19 
•ppm' -arid 0.29 pi>m (1 2-hour average), associated with 
:the.;other usj^J urban pollutants. Considering the 
^fedci;^!. 24.hoi^ standard (0.14 ppm), these data 
indicate, an iAdequate margin of safety for the 
;pop!ulati6ns;,Wtudies. Indeed, these' investig^tojs, 
txttapolatjri'g mortality figures, suggest that for some 
segments of the population (susceptibles) no 
threshold for health effects or mortality effects can 
safely be| assumed. 

Stu^ of pulmonary function measurements in 
healthy human siJbjects indicates a significant effect 
on airway resisfance and mid expiratory flow rates " 
after 15-minute challenges with sulfur dioxide at 0.5 
ppm, when administered with distilled water or saline 
aerosols. Heightening of this physiologic response, 



persistence of it, and provocation of attacks might 
'well be expected in susceptibles such as asthmatics, 
severe bronchitis, or individuals* with genetic 
. susceptibility to respiratory disease. . 

Air concentration data reported only from * 
locations remote from major point sources of sulfur 
dioxide and particulate effluents may significantly 
-underestimate the. level of challenge expariehced by 
V. general pbpulatron in the immediate downwind 
• x^chment. In a -general population up to 10 to 20 
S per cent may be expected to exhibit more lung 
functional changes or more »episodes of respiratory 
disease symptoms on experiencing intermittent" 
high-level poltution episodes (SQ2 approaching ;p.5 
ppm) than~iheir^^average normal neighbors! In ^he 
dojWi\wind conurbation of the Los Angeles power 
generating belt, .^ population of upward^, of 530,000 
individuals would- thus offec some 53,000*susccptibles 
whose illness responses to as few as fou^. high sulfur 
dioxide episodes per year aquld cost' them between 
SI 0 million and $20 nfillion. * ..i-V/^**'- 

v.; •^•>••^ 

.1 'No standards are published: ;^vSoy ot*Jif^^ 
hydratcdform despite the pptential^f<fr^x'idation pf 
sulfur dioxide to this form in the liufhidifiedjrif* bf; 
coastal popujation qentefs! This substanQp. is.' .of ; 
concern because of its minified (three-^i^^'f^urfQi'^ 
> effect "on respiratory mechanics when compared v^tH 
.'•^ sulfur dioxide. . . 

Risks from steady -state effluents . S': - 
. • • 

• For'^'a given basin with a fixed vol&me of 
the question of relative public health risk attributed 
to various types of power plants can be posed as 
follows: How many plants of a given type can be 
operated without reaching a pollutant concentration 
level having public health significance? .Table II 
presents quantitative answers to this question. 

A simplified.ppproach has been taken to arrive 
at the rtumbers shown in the table. This approach 
was meant to eliminate qs many" complexities as 
possible, while maintaining a valid comparison of 
different types of power plants. For this purpose, 
meteorological considerations have been precluded by 
assuming' the pollutants are released 'into a large 
mixing chamber. Each power plant operates at full 
«5{)aoity for one day, and" no natural removal 
nieihiinisms such as washout by rain or imjjpction,. 
on obstacles have been allowed toMeplete.the.g^ol^ 
effluents from the plants. Although inclu^ipn ol these 
9 mechanisms might be expected Jto permft opetatjon 
of more plants, they, are irrelevant. for the purpose^.;: 
of this :9imparison. Many more , hazardous > 
meteorological conditions can-be postulated thanith&'^ 
. one-day yphtilation rate used here. ' jir ■ tlie'*'-table 
''tolerable" Js used to mean the maxiinUirt number 
of l,O0Ci MWfe -plants that could operate for one day 
•without exceeding an average concentration in the 
air basin volume corresponding to legislated limits. 
The limits used v/cve: 



; YX'^'Air Quality Standards and Regulations 
\ >: • for Radioactive Effluent * 

SO2 (24-hour average, federal) ' 0.14 ppm 

N02^(l.hour average,State of CaliforniaX).225 ppm 
Radioactivity (federal) 2 x 10-19 Ci/cm^ 

The assumption made here is that these 
. legislated limits are relate^ to prevention of health 
effects. As mentioned earlier, there is in fact a very 
large (orders .of magnitude) safety factor built into 
the concentration limit for radioactive, releases. In 
contrast, the mafgin^ between* health effects and air 
•quality standards is quite narrow, especially for SO2. 
This caR. readily -be seen by referring back to^ Figure, 
1. As pointed out earlier, there is sufficient evidence 
to connect a substantial cost with increased illness 
responses in an area subjected t6 as few as four High 
sulfur dioxide episodes per year in a setting such as 
the Los Angeles basin. 

This comparison is based on.^a different 
approach than the continuous exposure column of 
Table 1. In the table the public health risks associated 

. wit4i the e?^0suj:;e of large populations to regulated 
limits is cpjrnpaT^.. In Table II the degree to which 
plants cohtribvt^^t^^ using up the regiib^ed limit 

Js comp|i?;ed.- . :>\.*;j 

Me.l^yQlogica| stagnation of several Says 
duratiorf^S/nbt'am unco^m event in several areas 
of CaUfofn^a;• -Jtwis an historical fact that the. aOS 
are exceeded regularly in some areas and that these 
occurrences coincide with meteorological stagnation. 
. Increased mortality data for ^ these occiirtences is 
impossible to glean from the public health data, 
unless the meterological conditions are extremely 
[adverse and . of long duration resulting in substantial 
mortality and morbidity, ^such as the New York, 
Donorra, or London episodes. Nevertheless, lesser 
occurrences should not be assumed to have no 
impact. 
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Transient releases ■ ' \ * 

If the public health risk of any technolo^al 
system is to be determined, the frequenc}§|4rid 
consequences of ^accidents must be o'pnsidefed. Foi: 
a well-established system, such as fossil-fueled 
power plant,'* the* frequehcy^ .ani'^ijpkgnitude . of 
public-risk accidents can be estimatedXjcpm historical 
^ records; where, they are. al^flahli^fjjKthe case of 
' hudear power .plants, their fiiistoiyns^'Short' and thieir 
;mimber-is retetiye^ their 
recc^td' is needed to estimate the frequency and ' 
magnitude of their releases. * 

^ A deductive approach for maicing this estimate • 
for nuclear plants has Been ideveloped arfd applied^ 
to reactors for a number of years.- It consists of . «.a.^* 
determining how. an accident can occur by assuming . ^. bas«^ 
failure of one or more elements in th<e plant an^ the . dtjara- 
probability bf such failure. Once the plant has '.beiej^^i^^^-qj^ 
studied by.*analyzing all the 'cretfi&fr paths leadSrtCs^^ 



to -acQidpnts-; * fhe question of dther accidents tliit 
migpt;piJcurylyut have not been thought of must be ^: 
tacedl Lt:^ assumed' that the accidents thait have been' 
analyzed represent a sample of a corfiplete spectrum 
of possible accidents and hence^vcan be i^sed to 
establish the entire spectrum. . / »' ' \ ^* , 

This pjob^bilistic approach to quantnying risk 
. has not been the historical approach to power plant 
. safety-either fossil-fueled or nuclear. Three basic 
• approaches to safety analysis can be identified. The 
most common i3 the empirical (or inductive) study 
of actual {performance history to estimate the level 
of risk of various events. The second is the 
judgmental (or intuitive) review .by experienced 
professii^als to determine if adequate design 
precautioin have been^ taken. The third is the 
estimatib'n of system risk a^ derived from the ^ 
reliability • of individual components . and their 
interaction-a deductive process. Only the first 
(empirical) and the . third (deductive) provide a 
quantitative resQlti^Jq the absence of a substanfJaK- 
^ operative history^^n'iclear plants have typically becn'--^ 
.-studies by the\^s,^corid* (or judgmental) a pp^acfv?-^^^ 
However, iJlordei^ ta^ake a meaningful comp'atis^H'v* / 
between oil-fired and nuclear plants, this report usiSs*^^^ 
the third (deductive) method based on recent studies. 

An lUystration of the outcome 0/ thi's/approach 
is presented in Figure 3 for a 1,000 NjtWe pyessurized 
water reactoriqs stridjeii^by Otway atid Erdmann). 
The ^alidit/^nsucJljJ?an)>ccident sequence analysis 
depends on rguaj^ity. o^ devices, 
their abiljty to fiincftbn iasequence as expected, and ' ^ 
pn the: inherent dynamit characteristics of the plant 
" type. Because,. of the '.ydry low j}robability of large 
releases, the over-all pafeiic health risk calculation is ^ 
not sensitive to the accuracy of the accident sequence 
analysis. The study presented in Figure 3 should be * 
representative of a modern PWR plant and has 
^therefore- been used ^in this report. A v 
liquid-metal-cooled fast breedet reactor was analyzed 
in an analogous manner as part of the present study* 
and the^ver-all risks duetto aiccidents was fountf-toV 
be norefgnificantiy dflffereint' than^nhose from the - 
. PWR - 
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^aximum-consequence aqpidents for both 
, and the LMFBR are^ consistent with a 
^cite^ early study of catastrpphic reactor 
vin the sequel it will^ be seen .fhdt the 
^ ftojC^^^clear plant are no worseihan 
^*^**'^^3qgikfueled plant. 

• ?\ 

J amoMPt of radioactive 
Qblic (in equivalant curies 
i^feieases from the more 

^ "'^ Vi^D«nE^iii$l^^^ ones, from the 
r|)rob^i5n!fyi5lNBPt^^ circks. represent 

' he^^Riooth curves: are 
psefnt "a distinction ' in 
^6e-which>result€ from 
Jinfe systfem or in the 
J Both are considered 
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together 'in some situations. Others may be explored 
in a'specific plant study. In a^djtion to the accidents / 
forming these curves, a cluster of accidents of higher 
probability (Iw to 10^ per year) were 'also 
"included. The$e^ere slich things as fuel handling 
mishaps ^nd are Miown as a' dotted extension in the/; 
figure. . ^ 

c . . ,^ 

For a 1,000-MWe oil-fired plants there i^ 
p^sociated storage capacity of the order' of 2 million 
barrels. Although some of this storage ma%j4iot be 
on the ^ plant sit^, MKis .never far removed. 
Conflagration pf so/iae fraction or all o£- these -fuel 
supplies . is ? ] .possibility and as such must be 
'considered in estimating the over-all risks of oiKfired 
plants. As in the .case of hi^lear reactors, the public 
health risk due to accidents' associated with ^an 
oil-fired plant is greater from the teleaSed pollutants - 
tthan from the. direct effects of an. explosive fire. 
Hence, an/estimate't)f the frequency of occurrence 
and -the an^ount of oil burrfed is needed to assess 
the cisk from released pollutants. 

• ' ■ ' V .. 

No data specifically for power plants has come 
to ligh't, but the American Petroleum Institute fcAPI) 
has tajliulated data for 'fire losses occurring at various 
types of properties over \ number of years. During- 
the past five years (1966 through 1970), API has 
•tabulsfted data that categorize the magnitudes of the 
fires into four si^e' groups. After examination of the 
tabulations for these five years, two classier of 
properties were selected as being representative of^ the 
sizes and.typtK of oil products associated '^with 
oil-fired power plan ts.They were bulk terminals and 
pipeline ,stations. These; data, after conversion to 
quantities of oit jbst in pounds, and^with 
normalizatibn to llie" unit of property-yejf. are 
presented in Figure 4.. J*. 

:' >* I . Froni' this graph, the^JJrobability of releasing 
quantities of sulfur^ dicwdde,. oxjdes of nitrogen, 
hydrocarbons, precursors ofVoxidants and heavy 
metals qan be estimated, thijs- was carried through 
only for SO2 by assuming t lie .^.values $3 and 331 
pounds^per barrel of oil containing 0.5 per cent by 
weight of sulfur. The poun^ of SO2 emitted with 
varying frequency are also given in the figure. 

..Figure 4 for an oil-fired plant is then the 
analogue of Figure 3 for the nuclear plant? Tfiey are 
presented together on a common probability scale in 
Figure 5. For the oil-fired pl3nt the entire 
release-probability distribution falls within the regime 
of high-frequency^ small-release accidents of nuglear 
plants;' Another \fcy of contrasting the two graphs 
is that the least^j^i^^able, maximum release -(a 
2Tmi!lion-barre!* fire) 0* aii oil-fired plant is more 
likely to occur than *ar|y of lifie feleases . from the 
nuclear , plants, whjch: couldfU)e considered more 
severe than *p minor mishap. V 

Assuming the oil-fired plant and nuclear plant 
are located at the same sitc^s^mcWpheric dispersion 
of the pollutants from an s^coHent- and fumigation 



of the' surrounding population can be handled 
identically in either case. This comparison was Based 
en a* stable meteorological condition .(Pasquill F 
category) with a wind velocity of 2 meters per second 
blowing constantly into a 30-degree -sector. 

In order to correlate mdrtality with prevailing 
pollutant concentrations, the following cbrrelations 
were used: • . "'^ ^ : / 

1 X 10*^ per person per rem is the mortality . 

risk from thyroid "irradiation with' 
no available data demonstrating a 
. risk .below 1 rem 

3Q^.x lO-^ mo^itality risj^ per person per ^-em ^ 
tor whole-body irradiation down to 
the '.back^rfeuftd level of 100 mrem 

4x10-5 X(SPt)l/2 mortality risk (death due 
to respiratory cause only) per person 
" exposed to,S(ppm) of S02,P(gm/m3) . 
of particulate matter for . 5 (years) 
down to 10-4 (ppm-<gm/m3)-year). 
which is a routine urban exposure 

Although i]iese- to^ which are based on' 

statistical ahalyse^ of epidemiological data^ are ..far 
from proven pl^^ical laws,' they are in. 'kee pi rig with 
the state- of knowledge at present. 

A compari^n of the cumulative mortality risks 
with, distance from the two. typw j)f-plants is shown 

^ in. Figure 6. These results suggest the accidental 
releases fro^m the two types of plants are not 
substantially different in their over-all "mortality 
effect during the life of the plants. The jKilatively 
greater likelihoocjof occurrences at an oil-fired plant 

X is; dffset by the^^ater lethality but less likely 
radioactive releases from a nuclear plant. 

Another important perspective to , be gained 
from this, analytic approach is 'that the occurrence 
of a large oil fire is a rare evfent in our conscious 
experience, but 'relatively commonplace whe'a ' 
-xonipared with significant- teactor releases. In other 
words, events that occur with frequencies of less than 
* once in . a;^mllion years approach the meaniqg of 
never i n^ ever y da y la ngu a ge . . it-^ - ' * 

The puljlie reaction (or ' scKifair^^Wa) that 
might result from the very rarest ahS^bstixtreme 
accidents is difficult to gauge, but is not likely to 
be large in either case. In the case of an oil-fired 
plant, the* combination of the most adverse 
meteorological conditions and largest fire might be 
expected once in a million yea^s^and could cause 
about 70 respiratory deafhsKpef million population 
(about one-half of the- normal annual rate). Becaijse 
' the incremental mortality (and morbidity) Would 
occur in. a short time interval, the impact'of such 
an accident probably would be publicly noticeable. 

t In the case of an extreme nuclear accident, a 
probability can be assigned to a maximum impact 



of about 500 cancer deaths per million population 
, (about *one-third of the normal annual cancer rate), 
estimated to occur less than x)ni:e in 100 million 
years. Because most of the fatalities resulting from 

• such radiation' exposure would be spread over very 
many years, the public impact of suoh a nuclear plant 
accident is unlikely to have«iuch general visibility. 

• It wobld be possible to measure the full impact only 
^ by maintaining lifetime statistics oT the exposed 

populations ' 

*■ •' 

Consequences of accidents are graphed with 
' their corresponding probabilities in Figure 7. For the 
^ oil-fired plant, there is not enough kgown to estimate 
the worst hypothetical case. U is generally kliown 
that respiratory ailments can be increased by the 
synergistic interaction of various "insults" to the 
system. An extraordinarily rare hypothetical 
combination of a variety oi airborne pollutants, 
respiratory epidemics (such as influenza), and chronic 
irritants (including asthmogei^ic allergen?) might 
substantially increase regional fatalities. It is quite 
PQssf^le that because of the focusing of all these 
impacts on the respiratory system, the oil-fired plant 
maximurn hypothetical accident *could cause as many 
fatalities as^ the <naxim urn' hypothetical nuclear plant- 
accic^ent-with a probability of occurrence equally 
K low. Also omitted from this estimate is the synergistic 
* V effect of other polluting effiuents from the oil-fired 
' i . plaht-rsuch as nitrogen oxides, heavy metals (lead, 
. mercury, cadmium, nickel), radioactive elements, 
carboii monoxid^ and carcinqgenic, compounds. 
Nitrogen oxides^ in particular^ may be a serious 
hazard, but little is known about their quantitative 
heahh effects as yet. Insufficient data^bn respiratory 
effects are availtible to evaluate the full impact of 
aU the multiple synergistic combinations that mighty 
possibly occur. 

Transportation of huclear^Vuel? 

For a thermal power plant to operate on a 
gantinuin^ basis, fuel transportation is a necessary 
adjundt. For oil- or natur«I-ga$-fuekd plants this tqkes 
thfe form of pipelines,' while for nuclear plants, trucks, 
^ rail car^ or barges are used. Public heahh risks from 
pipeline pipture accompanied by fuel burning exist 
but are not analyzed in this report. Because of public 
concern regarding radiation, the shipment of spent 
nuclear fuel elements has been examined. 
Additionally, the location of a reprbcessing pltnt for 
nuclear fuel might be contingent on the degree of 
risk involved in transportation. 

There has never been a recorded major accident 
/» that has killed, injured or overexposed people as a 
^ result* of the transportation of radioactive fuel 
materials. The accumulated experience of such 

• shipping is -relatively small. However, accident rates 
can be estimated if the assumption is made that spent 
fuel shipments Will suffer at the same rate as 
shipments of explosives and other dangerous 
materials. This assumption is supported by the fact 
that the standards in the U.S. (IOCF'RTI, ^ 



49CFR171-178 and 46CFR146) place primary 
reliance for safety on packaging rather than mode 
of transportation, of radioactive material. Hence, 
commercial carriers can be used. A survey o£ 
transportation accident data suggests a ireasoriable 
expectation to be 2.5 accidents per million vehicle 
miles for either rail or truck modes of transportation. 
• ' •■ 
Because of the stringent requiremffents on spent 
fuel packaging, most accidents will not result in a 

* release of radioactive material to the environment. 
The AEC operational experience frotn 1949 through 
1967,has been used to estimate that in '2.5 per^pnt 
of the accidents; some .fVfction of the radioactive- 
material' being transported wi^ be released to. tlje 
environment. In order to ^iimate the distances tci* 
be covered, three potentiflf reprocessing plant 
locations \frere considered. They included both an 
optimally located plarit in the state (California) and 
an inexpediently (with respect to distancfe) located? 
plant but of the state. The average distance from 

^power plants in the state to the: latter location was 
2.^ times greater than the former. 

- Choosing the greatest' average transportation^ 
distance and assuming every accident which leads tol| 
a Radioactive release to the envirdnmepf is 'a a 
maximum credible accic^ent (all fission gases in the 
shipping container plenum are ' released), ^ 
conservative, projection can be made for the yeaj| 
2000. The number of serious injuifes in the ^tate ws^ 
found to be less than one in 1,(X)0 years for im 
projected fuel logistics requirements. This conclusi* 
was basdd on an average population density aflb 
would change jn proportion to the actual population 
density on any chosen route. Two conclusions are 
derived from this result: ' 

.Transportation of spent nuclear fuel does not 
measurably add to the public health risks of the 
power plant. » * ' , 

.Siting of nuclear power plants does not depend 
oh the location of reprocessing plants, because the 
two Can be decouplefl with litd^oj. nqf chaiige in 
the total risk. ^ 

These conclusions are not meant to imply that 
the public health risks associated with tht siting of 
facilities for either chemical reprocessing of fii^l of 
waste disposal can be neglected. However; <it* is 
expected that future AEC regulations governing 
releases from any new chemical reprocessing planter 
waste disposal facility will be as stringent as those 
presently applicable to nuclear power plants. 

How saf6 is safe enough? 

in comparing the public risk from fossil-fueled ^ 
and nuclear power stations, it is importaiU' to 
understand what is really meant by risk\ The public 
is confused and misled v^^en leaders and experts 
make statements with qualitative comparisons such 
as "safe " versus "unsafe "credible " versus 
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" incredible," '"cauti(9us" versus "incautious-/' 
"reasdnab le" ver su s "mr^dsomb le ' -i n re fe renc e to. 
the risk of injury to th€ inciividual. These terms imply 
absolute^ boundaries of risk that do not really exist. 

Therefore we must ask t^e question, "How safe 
is safe enough?"" and provide quantitative guideline^ 
which will make possible a rational approach to\yards 
defining acceptable levels of public risk. , . ' * . 

Risk in this study has bfeen used' to me'ah titfe 
quantitative probability of injury-i.e., the predictable 
chance of soitie specified personal damage occurring 
in-a specified time interval. Public'risk is the averaging 
of individual risks over a large population. The 
injuries Involved may vary from minor annoyances 
and discomfort (not enough to prevent inormal 
activities), to disabilities that cause reduction in 
rtormal productivity (morbidity jale) to loss of life 
Qjiortalitv^te). Because . of the drartiaticaltn visible 
nature or death, public risk is usually conceived of 
in termC of fatalities or mortality rate. However, 'the 
importance of" the public welfare of the . less visible 
morbidity\3ic-(disabilities) may be much. greater iri 

: terms of hurnanistic, economic, and social values. For 
example, the annual number of deaths in the United 

^States due to automobile acciderits is often quoted ^ 
With alarm, but one rarely hears^ of the disabling' 
injuries \\iiich number hundred^^ of times qj many, 
and may^ have an equal oi; greater social importance. 

The same situation has existed In environmental 
pollution issues. Most public discussions relate almost 
exclusively to short-term episodes of extreme 
poUution-either realtor projected. In fact, most 
professional concern has been, focused on these 
infrequent extreme situations. However, from the 
viewpoint of soAai costs or of the public health- 
-burden, it is important to consider long-term* effects 
of low pollution levels as well as the short-term 
, effects of the more visible episodic high levels-and, 
'in addition,mDrbidity as well ^s mortality- 
Averaged oyer a large population and a^ong 
time period (man^s lifetiAie), ' there exist two 
continuous ranges t)f events. The^jfirst of these is the 
range of accident magnitudes or public exposure. The 
second of these is the end result of such exposures, 
ranging from discomfort to disability to death. It is 
interesting that an. approximate relationship of^ 
frequency varying inversely with magnitude appears 
to apply to most public exposures to risk, (either 
man-made or rtatural)^ ana very probably to the 
pollution effects from both fossil-fueled .and.nuclear 
power plants. A statistical and theoretical basis for 
these relationships, can be suggigted, but the 
inadequacy of epidemiological data makes it difficult 
to verify its generality. 

. Because mortality data is rfiost readily available, 
the foreg6ing quantitative power plant comparisons 
have dealt with the public risk, of fatalities, 
recognizing that this is only indicative of the total 
risk, and that the social cost should include a 
multiplier that accounts for associated disabilities. 



Similarly, a usually neglected but important factor 
from low-level exposures i^ the time required for 
physiologic impairment to develop. If the time for 
the effects of exposure to develop is long, then only 
the yo^er rnerhBers of the population may have 
. their W^r life affected (as with smoking). \These 
factors: pf degree of morbidity, age,, and duration of 
exposure, ;thanging -social value as a fiijiciion^of age, 
and other similar public health parameters 
theoretically should be included in any complete 
study. Unfortunately, basic physiologic tind technical 
data - in the air "pollution field are generally so 
uncertain quantitatively that such a refined analysis 
is only occasionally justified. "Order of :magnitude" 
answers are usually all that can be expectei^ in such 
areas of public risk. ^ , 

2' A study of the public acceptance or nwrtality 
risk arising from involuntary ^ exposure ^ to 
socio-technical systems such as motor vehicle, 
transportation indicates that our society has accepted 
a range, of risk exposures as a normal aspect of our 
life. 7 Figure 8 shows the relation between the per 
capita benefits of a systerri and the acceptable risk 
as expressed in deaths per exppsiue year (i.e., time 
'of exposure in units of a year). The highest level of 
. acceptable risks that rnay be regarded as a reference 
leyel Is determined by the normal U.S. death rate 
from disease* (^botrt one deattf^^jjer year per J 00, 
p'people). Tlie lowest level for reference is set by the 
risk *of death from natural ^ventMightning, floods, 
earthquakes, insgct and snak? bi^es, etc. (1 death per 
year 'per millj^ people). 

In between these two bounds,, the public is 

apparently willing to accept "involuntary" 

exposures-i.e., risks imposed by societal systems and 

not easily modified by the indiyidual-in relation to 

the benefits derived from the operations of such 

societal systems. -Although an individual often 

"voluntarily" tx^osts himself to much, higher risks, 

the public nevertheless expects the regulatory * 

institutions of cAfc^ciety to maintain a consistently 

cautious approacWTo its . hazards. The principal point 

of the relationship in Pigure 8 is that society does 

pragmatically accept in existing systems a level of risk 

related to the benefits it derives. 

» . > « 

In comtnonly familiar terms, an^ Xerage 
involuntary risk may be considered "excessive" if it 
exceeds the incidence rate .gf disease, "high" if it 
approaches it,* "moderate" if the risk is about 10-100 
times less, "low" if it approaches the level of natural 
hazards; and "negligible if it is below this. Events 
in these last two levels of risk have historically been 
treated as "ttcts'of God " by the public generally-in 
recognition of their relatively minor impact on Our 
societal welfare as compared to the effort required 
to- avoid the risk. 

'Thiisy any risk created by a new socio-technical 
system is acceptable "safe enough " if the risk level 
is bdowrthe curye of Figure 8. More accurately, when 
the increment of additional risk added by the new 
system.is associated with an incremental benefit equal 
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to or greater than thaV mdicated by the curve, the 
system is * "safe j^ongh. If, as is usually the case, 
a new system has a ra^ge of uncertainty in its risks, 
a. design target may be set below the curve by an 
equivalent^amount-possibly as much as a factor of 
10 or 100. 

;The position of electric power plants in this 
beri&fit-Tisk relationship is shown in Figure 8. The 
risk calculation based on, regulatory limits has been 
described earlier-with oil-fired plants setting, the 

' tnper value and nuclear the lower' value;* As 
previously noted, actual risks may be very much les^ 

« because such plants wfll operate at less than 
regulatory limits. The benefits of electricity includes 
an estimate, of Wh the increme^itai contribution to 
industrial output and tc5 other social- needs. It is 
evident that both types of power plants are well 
within the acceptable risk range. ^ 

„ , To summarize, death, disability, and discomfort 
have always been a normal part of life. Society has 
historically adjusted its acceptance of these so that 
changes in societal systems are associated with 
adequate benefits a^id also do not substantially or 
drastically alter }he publicis involuntary exposure ty 
jask. None of this means that efforts to jeduce the 
'<usk of death, disability and discomfort should not 
*bfe made. -However, in the application of our resources 
*to reducing public nsks, the economic principle of 
marginal utility shoijld be used-i.e., the resouVces 
should be applied where they will do the most good. 
There is little point in spending effort on improving 
the safety of a system that is already in the category 
of negligible risk." The effort would be better 
applied, to the higher risk systems that will 
substantially influence our public health statistics. 



.The c\ident fact that the risk perspectivp* of 
an individual^may differ from that of a social 'sector 
creates a {Problem in a democratic political sy&tem. 
Rational decision-making on a societal level may tluis 
require a;i intensive 'public education and public 
discussion of the issues and trade-offs. This /is 
particularly difficult in emotion-laden areas, and 
perhaps especially so when 'death; disability and 
discon^fort of human beings are involved. 

References 

1. n. .J. Muller, "Our Load of Mutations," 
American Journal, of Hinmn Genetics, Vol. 2 
pp. 111-176 (1950). 

2. W. A. . Prysor,' " Free Ra.dical Pathology," 
Chemical and Efigineering News, June 7, 1^71 

' pp. 34-^51. ^ ^ 

3. D. B. Menzel. "Toxicity of Ozone, Oxygen and 
RsidMon," Annual Review of Pliarmhcology ' 
pp. 379-394 (1970). ' 

.4. P. Brodkes, "Quantitative Aspects of the 
Reaction of Some Carciribgens with Nuclei^ 
'Acids and the Possible. Significance of Such 
Reactions in the Process of Carcinogenesis," 
: V - Cancer Research. Vol* -^6, pp. 1 994-'^ 003 
(1966)., ' \ ^ ' 

5: F. Kab and T- T. Puch, "Genetics of Somatic 
Manynalian . Celjs XII: Mutagenesic by 
Carcijioganic .Nitro Compoundi, /owr/w/ of 
Cellular Physiology, Vol. 78. pp. 139-144 
(1971). "^"^ 

6. WASH-740, "Theoretical Possibilities dnd 
Consequences of Major Accidents in Large 
Nuclear Power Plants," U.S. Atomic Energy 
Commission. March 1957. 

7- C. - Starr. "Benefit-Cost Studies in 
Socio-Technical Systems," presented at the 
Colloquium of Benefit-Risk Relationships for 
Decision-Making Washington, D.C.. April 26, 



. '.Ty^^BLE I 
Public Risk^mpamson ' 



k 

. . Plant 

^ 


EXfECTCD ANNVAL AVEIAOW 

(Deaths per 10 mUlion popuktioii « 
' per l^MWe plant pw yMr) 


-Cdntinoous Operatkm 
at Regulated Exposure 
Limits 


Total Risk 
from 
' ^j^^lcddents" 


Nuclear reactor 
(cajjicer deaths) 


i . 


Nealifible 
" * (0.00006) 


Oil- filred .plant 
( respiratory deaths ) 




Negligible 

(0.0002) 


. • 


r\ ~ ■ 

'table II. > 





Tolerable 'Numbers OF Power Pjlants a5 Implied by 
* Current Practices in Los. Anoeles County* "^ 



Pi! ANT Type 


Critical • 
Pollutant 


Tolerable Number of t/)00-Mwt 
Plants (Exclusive op . Pollutant* 
FROM OiHaa SoutCEs) ^ 


Oil 


so, 


\. 10 <5 


Natural gas 


NO, 


23 . • 


Nuclear reactor 


Radioactive 


160,000 


(LWR) 


gases 





^ Based on the folk^wing assumptions: 

1. Unspecified mixture of radioactive isotopes released from nuclear 
plant (Most restrictive assumption bised on 1 mrem). 

2. 'Compliance with 0.5 percent by weight sulfur content for oil. 

3. Air voluifc of Los Angeles County wis assumed to be 3.16S 
^m.) which igiplies a nnean inversion height of 300 m. 

4. Ventilation of this volume requires one day. 

5. Effluent volunne rate for 1,000-MWe reactor is taken as 
0.5 X 10* cfm which is an estimated upper limiL » 



MOj ffVM) intN lstmai 
PAATlCUlATU ktVti 

urNAt 
iiviu 



MOtCALLV 
^ IPMCTt 




1M0 



I 4 0AV 



I IW IflMMSWaBMIiipwi'Mumiliil, 




MCMCASiO 
MClOf NCt 
-CAWHOill 



NTIHIOMATION 
IN HKALTN 09 
PAtlENTS 



- •'HOHaiOlTV IN MAN 
• MOHTALITV IN MAN 
V MOMgllMTV IN ANiaUU 
A MOMTAVITV IN ANWAU 



1 1- ' M W AiX I 



0 10 OJ 

auLPun 



INCfUAKCD AINWAV 
^ ■ .. ^ NCttnANCt , - 

, . TAfTI THNKil-IOLX) 
• y .HXXMf THnElHOLO 
I / I /t MM » I M » 'III 
fj . 20 1^ II 

t 



AA 

iXtOf.p 



■ MANQt Of CONCtNTRATIONa ANO SVKMUMK TMU IN WHCH " - 
SNMHPCANT HIALTH iPMCTI HAVr M<N NiKMTID 

HHANCH OF CONCCNTRATKMtf ANO UVOfUIIK TMIU IN WHICH OKATHS . 
HAVi tiCN nCFONTCO IN CXCUi Of NONMAL KXffCTATION 

rr\ RANOU Of CONCCNTIIATIONt ANO CXfOUnC TIMES \H WHICH 
kiJ NfAlTH^FFKCn AM MfCCTfp » 

Fig. 2.' Effects of autfur dioxide pollution on health ("Air 
Quality Criteria for Sulfur DIoxIdeg;' a talk by Bernard E. 
Conley, chief, Air Quality Criteria, National Center for Air 

Pollutton Control) 




I -4' I — Is I I ! — I I I ? I I r 

N^O ^ LOSS OF coolant -I V 

^ ACCIDENTS 7 ACCIDENTS 
, / INVOLVING 
^S^^ SMALL AMOUNTS 
O^X^ OF FUEL 




-EXCESS 

REACTIVITY. 

ACODENTS^ 
\ ^ \ ^ \ 



r 



10-^ io-« nr'^ io-« io-« io~* ipr' 

PROBABILITY fER YEAR 



r 



Fig. 3. Fission product release versus accident probBbllity 
for a 1,000-MWe PWR. Taken from "Reactor Siting end Design 
from a Risk Viewpoint," H.^J. Otway and R. C. Erdmann, 
Nucffar Engineering and Design. Vol. 13. pp. 305-376 (1970). 



Fig. 1. Ot>eerved effects on physiological function of humans 



EKLC 



151 

150 



Q PIPELINE STATIONS 
AtULK XERMIMALS 




MOPERTV- YEAR* 

Fig. 4. Size of /)ll Are vs frequeDcy of occurrence 



.. . • 



I 10* 

|S 10* 





- 1 1 








OIL WiM iW) 1 


*■ « 




' . • ^^^^ ' 
RIUAmVMII ^ 




->■ 








' ' 





10* 

1 

ie-' 



OlLiriRfO flANT If . 
I AND FARf^OULATl RELIAK 
RiLAIiD mm RUHfUTORV 




10^ 4 ia« 

DItTAflbc Wmm KANT nMEURS) 



Fig. e. Cumulative accident mortality wfth distance ^ 









til 




lln 










lie- 








1«_ 


. W 










' - ' 1 1 - 1 


iri — 



io-n \cr^ w" ior'« io"* kt* kt* 

■ FRoaAaiLiTY m viAR 

Fig. 5. Comparison of release magnitudes on a common 

probability 




1 MUCMVACf 



mrhe pftyoiling wind blowt Into o 30» moc of 2 m«im p«f 
nwttofologlcal condltionk lPoiquiir F conditionl. 
|2| Th»i<%tognQnf metMrologkol cofidition wot oitumtd to prevail 
for 4 doyt with orfrinvertJon iMlght of 300 moftrt. 

Fib. 7. Comparison of public risk from Individual eockients. 



EKLC 



152 

. 151 



SOaAL BENEFIT VERSUS 

TEGHNOLOGIGAL RISK 

What is our^soclety willing to pay for iafeiyl by: 
Chauncey Starr, Science, Sept. 19, 1969. 

The evolution of technical approaches to 
solving societal problems customarily involves 
consideration of the relationship between potential 
technical performance and the required investment 
of. societal resources. Although such 
performance-versus-cost relationships are cleanly - 
u?eful for choosing between alternative solutions, 
they ,do not by, themselves determine how much 
technology a sociqt^ can justifiably purchase. This 
latter determination (equires, additionally, knowledge 
of the relationship between social benefit and 
dpstified social cost. The two relationships may then 
|fe'used joifitly to determine the optimum investment 
^ ^^^^ resources in a technological approach to 

a social need. 

Technological analyses for disclosing the 
relationship between expected performance and 
' monetary coi ^ are a traditional part of all 
engineering plajuiingvand^ design. The inclusion in 
such studies of nil societal costs (indirect as well a^ 
direct) is less customary, "and obviously makes the 
analysis more difficult and less definftive. Analyses 
of social value as a function of technical performance 
are not only uncommon but are rarely quantitative. 
Yet we know that implicit" in every nonarbitrary 
national decision on the use of technology is a 
trade-o/f of societal benefits and societal costs. 

■ * » 
In this articite, I offer an approach for 
establishing a quantitative measure of benefit relative j 
to cost for an important element in .our spectrum* 
of social values-specifically, for accidental deaths^ 
arising from technological developments in public 
use. The analysis is based on two assumptions. The 
first is that historicdl national accident records . are 
adequate for revealing consistent patterns of fatalities^ 
in the pubkc use of (echnology. (That this may not 
always be so is evidenced by the paucity of data 
relating to the effects of environmental pollution.) 
The second assumption is that such historibally 
revealed social preferences and costs are sufficiency 
enduring to permit their use for predictive purposesSv 

In the absence of economic or sociological 
theory which might give better results, this empirical 
0 approach provides some interesting insights into 
accepted social values relative to personal risk. 
Because this^ncthodology is based on historical data, 
it does not serve to distinguish what is "/?tfsr" for 
society from what is "tracntionally acceptable/' 

, , Maximum Benefit at Minimum Cost , 

The broad societal benefits of advances ih 
technology exceed the associated cost&sufficiently to 
. make techriblogical growth inexorable. Shefs 
„ socieconomic study (1) has indicated that 



technological growth lias been generally Exponential 
in this century, doub ing^very 20 years\in nations 
having advanced teohnology. Such technological 
growth has apparently stimulated a parallel growth 
in sociopconomic benefits and a slov^er associated 
growth in soci^ costs. * . 

T^c conventional socioeconomic 

OThefits-health edtication income-are presumably 
indicative of"an improvement in ihc "quality of life, " 
The cost of this socioeconomic progress shows up 
in all the negative indicators of our societ>^urban 
^and environmental problems, technolbcigal 
unemployment, poor physical and niental health, and 
so oh. If we unSerstoorf quantitatively the casual 
relationships between specific technological 
developments and societal values, both positive and 
negative, we might deliberately guide and regulate 
technological developments so as to achieve 
maximum social benefit at minimum social cost. 
Unfortunately, we have not as yet developed such 
a predictive ^system analysis. As ajesult, our society 
historically has arrived at accep'table balances of 
technological benefit and social cost empirically~by 
trial, error, and subsequent corrective steps. 

In advanced societies today, this historical 
empirical approach creates an inc'reasinglyScritioal 
- situation, for two basic reasons. The first is the 
well-known difficulty in changing a technical 
subsystem of o4r society once it has been woven into 
the Economic, political and cultural structures. For 
Example, - many of oiir environmental-pollution 
problems have known engineering solutions, but the 
problems of economic- readjustment, political 
jurisdiction, and social behavior loom very large. It 
will take many decades to put into effec^ the 
technical solutions we know today. To give a specific 
illustration, the pollution of our water resources 
could be completely avoided by means of engineering 
systems now available, but public interest in making 
the economic and political adjustments needed for 
applying these techniques is very limited. It has been 
facetiously suggested that, as a means of.motivating 
the public, every community and industry should be 
required to place its water intake downstream from 
its outfall, 

In order to minimize these difficulties^ it would 
be desirable to try out new developments in the 
smallest social groups that would permit adequate 
assessment. This is a common practice in 
market-testing a new product or in field-testing a new 
drug. In both these cases, however, the experiment / 
is completely under the Control of a single company 
or agency, and the test information can be fed back 
to the controlling group in a time that is short relative 
to the anticipated commercial lifetime of the 
product. This makes it possible to achieve essentially 
optimum use of the product in an acceptably short 
time. Unfortunately, this is rarely the case with new 
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technofogies. Engineering developments involving 
new technology are likely to appear in many places 

. simultaneously and to become deeply integrated into 
the systems- of our society before their impact is 

' evident or measurable. 

This brings us to the second reason for the 
increasing severity of the problem of obtaining 
maximum benefits at minimum costs. It has often 
been stated that the time required from the 
conception of a technical idea to its first application 
in society has bieen drastically shortened by modern 
engineepng organization and management. In fact,, 
the history of technology does not support thi$ 
conclusion. The bulk of.^he evidence. indicates that 
the time from' conceptioff to first application (or 
'^demonstration) has been roughly unchanged by 
modern managemenf! and depends chiefly on the 
complexity of the development. 

However, what has been reduced substantially 
in the past century is the time from' first use to 
widespread integration into our social system. The 
techniques for societal diffusion, of a new technoloft/ 
and its subsequent, exploitation are now highly 
developed. 

Our abOity to organize resources ot money, 
men, and materials to focus on new technological 
programs has reduced the diffusion-exploitation time 
by roughly an order of magnitude in the past century. 

Thus, we now face a general situation in which 
widespread use of a new technological development 
may occur before its social impact can be properly 
assessed, and before any empirical adjustment of the 
benefit-versus-cost relation is obvioulsy indicated. 

It has been clear for some time that predictive 
technological assessments are a pressing societal need. 
However, even if such assessments become available, 
obtaining maximum social benefit at minimum cost 
also requires the establishment of a relative value 
system for the basic parameters in our objective of 
improved 'quality of life.'' Ihttm^mcdX approach 
implicitly involved an intuitive societal balancing of 
such values. A predictive analytical approach will, 
require an explicit scale of relative social values. 

For example, if technological assessment of a 
new development predicts an increased per capita 
annual income of x per. cent but also predicts an 
associated accident probability of y fatalities 

■ annually per million population, then how are these 
to be. compared in their effect on the "quality of 
life?" Because the penalties or risks to the public 
arising from a new development can be reduced by 
applying constraints,, there Svill usuaUy be a 
functional relationship (or trade-ofQ between utility 
and risk, the x and y of our example. 

»"* • 

' There are many historical illustrations of such 
trade-off relationships that were empiricaUy 
determined. For example, automobile and airplane 
safety have been continuously weighed by society 



against economic costs a^nd operating] performance. 
In these and other cases* the real trade-off process 
is actually orie^of dynamic adjustm^, with the 

, behavior of many portions of our social systems but 
of phase, due to the many separate "time constants" 
involved. Readily available historical data on 
accidents 'and health, for a variety of public activities, 
provide all enticing stepping-stone to quantitative 
evaluation of this particular type of social cost. The 

♦ social benefits arising from some of these activities 
can be roughly determined. On the assumption that 
in such historical situations a socially acceptable and 
essentially optimum trade-off of values has been 
from disease, thejr inclusion is not significant. 

Several major features of^ the benefit-rislc 
relations are apparent, the most^ofeWous being the 
differer]ce by several orders of magr/itude in society's 
willingness to accept "voluntary" 2i[[(l '^voluntary" 
risk. As one would expect, we are loathe to let others 
do unto us what we happily do to ourselves. 

The rate of death from disease appears to play, 
psychologically, a yardstick role In determining the 
acceptability of risk on a voluntary basis. The risk 
of death in most sporting activities is surprisingly 
close to the risk of death from^ disease-almost as 
though, in sports, the individual's subconscious 
computer adjusted his courage and made him take 
risks associated with a fatality level equaling but)not 
exceeding the statistic^ mortality due to involuntary 
exposure to disease. Perhaps this defines the 
demarcation 'between boldness and foolhardiness. 

'In Figure 2 the statistic for the Vietnam war 
is shown because it raises an interesting point. It is 
only slightly above the average for risk of death from 
disease. Assuming that some lohg-range societal 
benefit was anticipated from this war, we find that 
the related risk, as seen by society as a whole, is 
not substantially different from the average 
nonmilitary risk from disease. However, for 
individuals in the military-service age group (age 20 
to 30), the risk of death in Vietnam is about ten 
times the normal mortality rate (death from accident 
or disease). Hence, the population as a whole and 
those directly exposed see this matter from different 
perspgptives. The disease risk pertinent to the average 
age of the irivolved group ^probably would provide 
the basis for a more meaningful porpparison than the . 
risk pertinent to the national average ^ge^does. Use 
of the figure for the single groyp would complicate 
these simple comparisons, but that figure might be 
more significant as a yardstick. 

The risks associated with general aviation, 
commercial aviation, and travel by motor vehicle 
deserve special comment. The latter originated as a 
"voluntary" sport, but in the past half^entury the 
motor vj^cle has become an essential utility. 
Generai^|/iation is still a highly voluntary activity. 
Comme^ial aviation is partly voluntary and partly 
essential^ ihd, additionally, is subject to government 
administfation as a transportation utility. 
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Travel by motor vehicle has now reached a 
benefit-risk balance, as shown in Figure 3. It is 
interesting to note that the present risk level is only 
slightly below the basic level of risk from dtsease. 
In view of the high percentage of the population 
involved, this probably represents a true societal 
judgment on the acceptability of risk in relation to 
benefit. It also appears from Figure 3 that future 
reductions in the ri^k level will be slow in cpming, 
even, if the historical trend of improvement can be 
maintained (4). 

Commerical aviation has barely aptoroached a . 
risk level comparable to that set by disease\The trend 
is similar to that for motor vehicles, as shown -^n 
Figure 4. However, the percentage of ^the population 
participating is now only 1/20 th'ai^er motor 
vehicles. Increased public participatibn in commercial 
aviation will undoubtedly increase the pressure to 
reduce the risk, because, for the general {copulation, 
the benefits are mucltjess than those associated with 
motor vehicles. Commercial aviation has not yet 
reached the point of optimum benefit-risk trade-off 



For general aviation the trends are similar, as 
shown in Figure 5.. Here the risk leyels are so high 
(20 times the risk for disease) tljat this activity must 
propefly be considered to be in the category of 
adventuresome sporty However, the rate of risk is 
decreasing ^o rapidly that eventually the risk for 
general aviation may be little 'higher than that for 
commerical aviation. Since the percentage of the 
population involved is very small,* it appears that the 
present average risk levels are acceptable to only a 
limited group (6). 

The similarity of the trends in Figures 3-5 may 
be the basis 'for another hypothesis, as follows: the 
acceptable risk is inversely related to the number of 
people participating in an activity. 

The product of the risk and the percentage of 
the population involved in each of the activities of 
Figures 3-5 are plotted in Figure 6. This graph 
represents the historical trend of total fatalities per 
hour of exposure of the population invol^d (7). The 
leveling off of motor-vehicle risk at about 100 
fatalities per hour of 'exposure of the participating 
population may be significant. Because most of the 
U.S. population is involved, this rate of fatalities may 
have sufficient public visibility to sef a level of social 
acfceptability. It is interesting, and disconcerting, to 
note that .the trend of fatalities in aviation, both 
commercial and general, is uniformly upward. 

The hour-of-exposure unit was chosen because 
it was deemed more closely related to the individual's 
intuitive process in choosing an activity than a year 
of exposure would be, and gave substantially similar 
results. Another possible alternative, the risk per 
activity, involved a comparison of too many 
dissimilar units of measure; thus, in comparing the 
risk for various modes of transportation, one could 
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use risk per hour, ^ mile, or per trip. As this study 
was directed toward exploring a methodology for 
determining social acceptance of risk, rather than the 
safest mode of transportation for a particular trip the 
simplest common unit-that of risk per exposure 
hour-was chosen. 

The social benefit derived from each activity 
was converted into a dollar equivalent, as a measure 
of integrated value to the individual. This is perhaps 
the most uncertain aspect of the correlations because 
it reduced the "quality-of-life'^' benefits of an activity 
to an overly simplistic measure. Nevertheless, the 
correl^ations s^femed useful, and no better measure 
was available. In the case of \ the "voluntary"^ 
activities, the amount of money spetit on the activity 
by the average involved individual was assi^med 
proportional to its benefit to him. In the case of the 
'involuntary" activities, the contribution of the 
activity to the^dividual's annual income (or the 
equivalent) was assumed proportional to its benefit. 
This assumption of roughly constant relationship 
between benefits and monies, for each class of 
activities, is clearly an approximation. However, 
because we are dealing in orders of magnitude, the 
distortions likely to be introduced^.vby this 
approximation are relatively smalf. 

In the case of tr^sportation modes, the 
benefits were equated with the sum of the monetary 
cost to the passenger and the^value of the time saved 
by that particular mode relative to a slower, 
competitive mode: Thus, airplanes were compared 
with automobiles, and automobiles were compared 
with public transportation or walking. Benefits of 
public transportation were equated with their cost'. 
In all cases, the benefits were assessed on an annual 
dollar basis because this seemed to be most relevant 
to the individual's intuitive process. For example, 
most luxury sports require an investment and upkeep 
only partially dependent upon usage. The associated 
risks, of course, exist only during the hours of 
exposure. 

Probably the use of electricity provides the best 
example of the analysis of an "involuntary" aciWiiy. 
In this case, the fatalities include those arising from • 
electrocution, electrically caused fires, the operation 
of power plants and the mining of the required fossil 
fuel. The beneiits were estimated from a United 
Nations study of the relationship between energy\ 
consumption and national income; the energy 
fraction associated with electric power was used. The 
contributions, of the \]omG use of electric power to 
our "quality of life" -more subtle than the 
contributions of electricity in industry-are omitted. 
The availability ** of refrigeration has certainly 
improved our national health and the quality of 
dining. The electric light has certainly provided great 
flexibility in patterns of living, and television is a 
positive element. Perhaps,. however, the gross income 
measure used in the study is sufficient for present 
purposes. 

Information on acceptance of "voluntary" risk 



by individuals as a function of income benefits is not 
easily available, although we know that such a 
relationship must- exist. Of particular interest, 
therefore, is the special case of miners exposed to 
high occupational risks. In Figure 1, the accident rate 
and the severity rate of mining injuries are plotted 
against the hourly wage (2, 3). The acceptance of 
the activity to the individual risk is an exponential 
function of the wage, and can be roughly 
approximated by a third-power relationship in thisr 
range. If this relationship has validity, it .may mean 
that several "quality of life" parameters (perhSps 
health, living essentials^ and recreation) are each, 
partly influenced by any increase in available personal 
resources/ and that thus the increased acceptance of, 
risk is exponenfially motivated. The extent to which 
this relationship is "voluntary " for the niiri^rs is not 
obvious, but the subject is interesting-'lievertheless. 

Risk Comparisons 

a 

, The results of the societal activities studied, 
both "voluntary" and "involuntary^" are assembled 
in' Figure 2. (For details of the risk-benefit analysis, 
s*fee !he appendix).. Also shown in Figure 2 is the 
third-power relationship between risk and benefit 
characteristic of Figure "1. For comparison, the 
average risk of death for accident and from disease 
. is shown. Because the average number of fatalities 
from accidents is only about! one-tenth the number 
achieved, we could say thnt any generalizations 
developed might then be used'for predictive purposes. 
This approach could give a rough answer to the 
seemingly simple question "How safe is safe 
enough? ' ^ 

The pertinence of this question to all of us, 
and particulariy to governmental regulatory agencies, 
is obvious. Hopefully, a functional answer might 
provide a basis for establishing performance "design 
objectives" for the safety of the public. 

Voluntary and Involuntary Activities 

Societal activities fall into two 'general 
categories-those in which the individual participates 
on a "voluntary" basis 'and those in which the 
participation is "involuntary/' - imposed by the 
society in which the individual lives. The process of 
empirical optimization of benefits and costs is 
fundamentally ^similar in the two cases-namely, a 
reversible exploration of available options-but the 
time required for empirical adjustments (the time 
constants of the system) and* the criteria for 
optimization are quite different in the two situations. 

In the case "voluntary" activities, the 
individual uses his own value system to evaluate his 
experiences. Although his eventual tradeK)ff may not 
be consciously or analytically determined, or based 
• upon objective knowledge, it nevertheless is likely to 
represent, for that individual, a crude optimization 
appropriate to his value system. For 'example, an 
urban dweller may move to the siiburbs because of 



a lowft crime rate and beher schools, at the cost 
of 'more time spent .traveling on highways and ^a 
higher probability of accidents. If, subsequently, the 
traffic density increases, he may decide that* the 
, penalttf| are» too great and move back to the city. ' 
Such an individual optimization process can be 
comparatively rapid (because the feedback of 
experiehce to the individual is rapid), so the statistical 
pattern for a large social group may be an important 
"realtime" indicator of societal trade-offs and values. 

"Involuntary'! activities differ in that the 
criteria and options are determined not by the 
individuals affected but by a^'controlling body. Such 
con.trol may be in the hands of a government agency, 
a political entity, a leadership group, an assembly of 
authorities or "opinion-makers, " or a combination of 
such bodies. Because 'of the complexity of large 
societies, only the control group is likely to be fully 
'aware of all the criteria and options involved in their 
^ decision process. Further, the time required for 
feedback of the experience that results from the 
controlling decisions is likely to be very long. The 
feedback of cumulative individual experiences into 
societal communication channels (usually political or 
economic) is a slow process, as is the process of 
altering the planning of a control group. We have 
many examples of such "involuntary" activities, war 
being perhaps the most extreme casd of the 
operational separation of the decision-making group 
' from those mos^t affected. Thus, the real-time pattern 
of societal frade-offs on "involuntary" activities must 
be considered in terms of the particular* dynamics of 
approach to an acceptable balance of social values 
and costs. The historical trends in such activities may 
therefore be more significant indicators of social 
acceptability than the existent trade-offs are. 

In ^xaminin^^ the historical benefit-risk . 
relationships for 'involuntary " . activities, it is 
important to recognize the perturbing rolfe of public 
psychological acceptance ?l|^risk arising from the 
influence of authorities or aogma. Because in this 
situation the decision-making is separated from the 
affected individual, society has generally clothed 
many of its controlling groups in an almost 
impenetrable mantle of authority and of imputed 
wisdom. The public generally assumes that the 
decision-making process is based on a rational analysis 
of social benefit and social risk. While it often is, ^. 
we have all seen a fter-t lie-fact examples of 
irrationality. It is important to omit such 
"witchdoctor" situations in selecting examples of 
optimized "inifoluntary" activities, because in fSct 
these situations typify '^only the initial stages of 
exploration of options. 

Quantitative Correlations 

With this description of the' problem, and the 
associated caveats, we are in a position to discuss the 
quanritarive correlarions. For the sake of simplicity 
in this initial study, 1 have taken as a measure of 
the physical risk to the individual the fatalities 
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(deaths) associated with each' activity. Although it 
, might be usefur to include>ay.injuries!( which are 100 
to 1,000 times as mi|Tier6us as-deaths); thiB difficulty 
in obtaining data jand^.the ;une<iual significance of 
varying disabijitie^ ^votild ^vintrQdu^e. inconvenient 
complexity for 'this fStudy^i 'SOj-'the risk measure^iised 



here is^the stgtisticjil: pVobability ofvfatalities per nour 
of * ex()osure of ^ the: ■ indiyidimlj^tt) ^ the activity 
considered, i / . * : < ' ^: " , * « • 



Public Awarehesis 

Finally,' Kutt^mpt^drtb/rprat^^ risk data 
to a crude; raeksure j^r "public Ca^ of the 

•associated sociaf /benefits CSee» Fig.^ 7): The "benefit 
awarenes$'\ was'aribitiarily defined as the {Product of 
the relative levei'of adyeftising,^^^^^^^ square of the 
percentage of populatipn'inVolved in the activity, and 
the relatiye,>Mse/uln^^(0r importaac^) of the activity 
to the individual (.8)> ¥.erhaps these asstlrrtptions are 
too crude;* but jt^jgui'e.. 7 does support the reasonable 
position /th^i .advehisinlV the an activity 

increase's .pijiblic acceptaoce''ojf;a greater level'of risk. 
This, of; course /dbuldv subtly produce a fictitious 
benefit-'Visk ration-as jngy»,ber' the case for smoking. 

. ■ :i " ' ' ' . 
Atomic |^^yer Plant: Safely 

1 rect)^izo the- uncertainty inherent in the 
quaritjtatiye approach- /? discussed here, but the trends 
and ' magmtudjes, ' mky; nevertheless Ije . o f » suf f ic ie n t 
validity Jo warrant, their use in determining national 
''design q/?/Vc//v.c!^^.': for -technological activities. How 
wouldV this /b$;;i done"? • ^ 

- "s'cofisidef as aa example the introduct?6n 

of hue jeaf "power plants* : as a principal souprJiS / 
electriq power. T^i is' an especially good exam 
.because the technology , has been primarily nutureij 
guided and . regulated by the government; with 
indusfiy.. undertaking. 'the engineering development 
and the*vdiffu?jpnv into:;public use. The governmeiitt 
specifically, maintams responsibility for public safely. 
;Inirthef,'4^^ of nuclear plants jpermits 



2 X 10-9 fatality per person per hour for exposure. 
Fossil fuel plants contribute about 1/5 of this risk, . 
or abou! 4 deaths peY million population per year. 
In a modern society, a million people may require 
a million kilowatts i)f power,' and this is about the 
size of most new power stations. So, we now have 
a target risk limit of 4 deaths per year per- 
milhon-kilowatt power station (9). 

Technical studies of the consequences of 
hypothetical extreme (and unlikely) nuclear power 
plant catastrophies, which . would disperse 
radioactivity into populated areas, have indicated that 
about' 10 lethal cancers per million population might 
result (10). On this basis, we calculate that such a 
power plant miglit statistically have one such accident 
every 3 years and still meet the risk limit set. 
However, such a catastrophe would corftpletely 
destroy a major portion, of the nuclear secfion of the 
plant and either requjre complete dismantling or 
years of costly reconstruction. Because power 
companies expect ptents to last about SQ^years. the 
economic consequences of a catastrophe every few 
years would be completely unacceptable. In fact, the 
operating companies would not accept one such 
failure, on a statistical basis, during the normal 
lifetime of the plant. 

It is likely that, m order to meet the economic 
performance requirements of the power companies, 
a 'catastro|he rate of less than 1 jn about lOGfec 
plint-years. would be needed. This would be a public 
/tiaKof iPj.deaths per 100 plant-years, or 0.1 death 
ripeniyear per million population. So the economic 
investment :.criteria of the nuclear plant user-the 
po^yer ., company-would probably set a risk level 
l/20p .the ^res^ent socially accepted risk associated 
f ^y^th ■ electric power,, or 1/40 the present* risk 
.associated wjth coal-burning plants. ► ' . 

' ' . A' ' 

' - . Art design :question is^this: Can a 

>|iucie^r power- plant .be en'gjneered vdtli a predicted 
performance of l^ss th^ 1 catastrophic failure in 100 



plant-years of. opeijition? I believe the answer is yes, 
coriiiirtUou^. reduction of the probability of accidents;-||^.^ but ^that b a different occasion. The 

;ait ^ sU^b^tantial ijicrea_se in^cos|^ Thus, the trader) ff . -2^^^ {ha^ the^ issue^of public safety can 

^^^j^j^^ quantijtative, engineering 



'bf'^tility and-poterttial riik canbie made quantitative. 

' Moreovej,, in the case of the nuclear powar ' 
pla^t the his tor ical' empirical approach to achieving 
an opt in^yjTi ii)enfe fit-risk trade-off is hot pragmatically 
•feasible. *^ such are now so safe that it may 

'be .;30- ^ars? . or . longer before ^ meaningful .risk 
experiiehqe . Wiii" be^^^ By. that time, many' 

plants; of Varied design will be in epstence,, and the 
empincal. accident data may not be applicable^ to 
thpset'hejng built.; So a very real need exists now to 
establish design^ objectives"^ on a 
predict iyetperformance' basis. 
^ . ' ' , ' 

. L^t us first arbitrarily assume that nuclear power 
plants should be as safe as coal-bilrning plants, so 
"as not to Increase public risk. Figure 2 indicates that 
the total, risk to society for electric power Js about 



;;:be focused &n' a 
• design objective'; 



The e9t; 



ka^'ple 



_ reveals •',;a - 'piibljc safety 
consideration ;-;whfch. nJ^^y apply to ^many other 
activities: the liconomic ^ requifeni^nl^yioj the 
protectioii 6f*sTnaj6r capita^.irivestnien"t^^.$^ 
be a;fnorev deitiandiiig s^^^ Social 
acceptability^ , *" -'-^ ' ' ' 

.Gonctusipn»;'' ^''-'\'^X^^^ V r^;^ ' ^' 

\. . TOe applicatiWM 
of pyblijtrrespansibility, is sS^ a 
use ful;^e thod.olog)^ f on^^ 

j^fi^ is'^safe >£noU^h^" FuT^ alJhougH vthis^ study. 
i§ only :.expiQ'r^ory, jtsi^eVdaSv ^verS^^^^^^ 
points, (jithe iMications are that the i|>UblJc^^^^ 



to accept 'Wwrt/ary'V risks roughly 1,000 times 
greater than "involuntar;^" risks, (ii) The statistical 
risk of death frofn disease appears t^ be a 
psychological yardstick for establishing the level^f 
acceptability of other risks, (iii) The acceptability of 
risk appears to be crudely proportional to the third 
power of the benefits (real or imagined), (iv) The 
social acceptance of risk is directly influenced by 
public awareness of the benefits of an activity, as 
determined by advertising, usefulness^ and the 
number jof people participating, (v) In a sample 



application of these criteria to atomic power plan! 
safety, it appears that an engineering design objoictive 
determined by economic criteria would result in a 
design-target risk level very much lower than the 
present socially acc^ptftd risk for electric power- 
plants. \ . 

» • * 

Perhaps of greatest interest ij the fact that this 
methodology for revealing existing, social preferences 
ajid values may be a means of providing the insight 
on social benefit relative to cost that js so necessary 
for judicious national decisions on new technological 
' developments. 
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Fig. i. Mining accident rales plotted rela- 
five to incentive. 
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Fig. 2. Risk iR) plotted^ relative to. Benefit {B) for various kinds of yoluntary'Vind ^i^; 
involuntary exposure., . ^ . t 




Fig. 3 (above). Risk and participation trends for motor yehidet. 

Fig. 4, (right). Rbk and participation trends for certified air 
carri^ff^ 
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Fig.'>5 (left). Risk and participation trends for genera] aviation. 
. Fig. 6 (aboire). Group risk plotted relative to year.' 
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Fig. 7. Accepted risk plotted relative to benefit awaieness (see text). 
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Details^of Risk-Benefit Analysis 

Motor-vehicle travel. The calculation of 
motor-vehicle fatalities per exposure hour per year 
is based on the number of registered cars, an assumed 
1 1/2 persons per , car, and ah assumed 400 hours 
per year of average car use (data from 3 and 11). 
The figure for annual^benefit for motor-vehicle travel 
is- based ,on the sum of costs for gasoline, 
maintenance, insurance, and car pyaments and on the 
value pf the time savings per person. It is assumed 
that use of an automobile allows a person to save 
1 hour pet working day and that a person's time is 
worth $5 per hour. 

Travel ' by air route carrier. The estimate 
fJSssenger falalities per passenger-hour of exposure f(K 
certified air route carriers is based on the arrnual 
number of passenger fatalities listed in the FAA ' 
Statistical Handbook of Aviation (see 12) and the 
number , of passenger-hours per year. The iattef 
, number is estimated from the average number of seats 
; per plane, the seat load factor, the number^ of revenue * 
miles flown per year, and the average plane* speqd 
(data from 3X The benefit for travel by certified air 
^ route carrier is based on The average annual air fare 
per passenger-mile and on the value of the time saved 
as a result of air travel. The cost per passenger is 
estimated from the avera'ge^ rate per passenger-miie ' 
(data from 3), the'revenue miles flown per year (data 
from 12), the annual number of passenger boardings 
for 1967^132 x IQo, according- to the United' Air 
.Lines News Bureau). "^and the assumption of 12 
boardings per passenger. 

General aviation. The number of fatalities per 
passenger-hour for general aviation is f function of 
the number of annual fatalities, the number oiplane 
hours flown per year, and the average number of 
passengers per plane (estimated from the ratio cof . 
fatalities to fatal crashes) (data from 12). It is 
assumed that in '1967 the cash outlay for initial 
expenditures and maintenance costs for dBjfierah 
aviation was $1.5 x 109. benefit is e:?|S^ed 
in terms of annual cash outlay ;per person, anH the 
estimate is based on "the number of passenger-hourS 
per year and 'the assumption that the average person 
flies 20 hours, or 4.000 miles, annually. The value. 
,of the time saved is based on the assumption that 
. a person's time is worth $10 per hour and* that^'he. 
saves 60 hours per year through traveling the 4,000 
miles by air instead of by automobile at 50 miles 
per hour. 

Railroad travel. Tjfie estimate of railroad 
passenger fatalities per wcposUie hour per yeai^vis 
based on annual passenger fatalities and- 
' passenger-miles and an assutned average train speed 
of 50 miles per hour (data from 11). The passenger 
benefit for railroads is based on figures for revenue 
and , passenger-miles for commuters and 
noncommuters given in The Yearbook of Railroad 
Facts (Association of American Railroadss 1968). Jt. 
is assumed that the average commuter travels 20 miles 
per workday by rail and thaf the average 
noncommuter travels 1,000 miles per year by rail. 



5^//>/^.. The estimate for skiing fatalities per 
exposure hour is based on information obtained from 
the Natipnal Ski Patrol fof the 1967-68 southern 
California ski season: 1 fatality. 17 days of skiing, 
^^00 skiers per day, and 5 hoars of skiing per skier 
B*«ay- The estimate of benefit for skiing is based 
}he ^ycT^igc njjmber of days of skiing per year 
' ^ ^"^ average cost of a typical ski trip 

(dita|(]^ "TJje Skier Market in Northeast J^orth 
Anwric<if U.S. Dept. Commerce Publ. (1-^65);. Irt. 
adc5tloiy..ft assumed th^t a skier' spends an average 
. o^'^2;5 4?er ' year on equipment. 

/•••'^ . - ^' ' ■ ' ' * 

y^Pif^. The^stimate of jhe risk in. hunting 
is bastd on an assumed value of 10 hours' exposure 
per hunting ^day. the . annua! number of hunting 
. fatalities, -the number of hunters, and the average 
number of hunting days per year (data from 1 1 and 
from National Survey of Fishing and Hunting "' U S 
. Fish Wildlife Serv. Piij. (1%5).) Tiue avera^ie'arjnuai 
expenditure per hlfcter was $82.54 in 1965 (^ata 
from 3). .. . 

' Smoking. The estimate of the risk from 
smoking is based on the ratio for the mortality of 
smokers reilitive to nonsmokers, the rates of fatalities • 
fronx heart -disease and cancer for .the general 
popillation. and the assumption that the risk is 
continuous (dal^ from the Summary of the Report 
of the Surgeon General's Advisory Committee on 
Smoking ^id Health (Government Printing Office, 
•Wa^ington, D.C.. 1964)). The annual intangible 
benefit to- the* cigarette smoker is calculated from the 
American Cancer Society's estimate that 30 per cent 
of the population'smokes cigaretts, from the number 
of cigaretts smoked per year (see 3),'^*d from the 
assumed retail cost of 50,015 per cigarette. 

Vietnam. The estimate of the risk associated 
with the Vietnam war is based on the assumption 
that 500,000 men. are exposedjthere annually to the 
risk of death and that the fatality rate is 10,000 men 
per. year. The benefit for Vietnam is calculated oij 
the assumption, that the entire* U.S. population 
beliefits,. intangibly from tfie annual Vietnam 
e>ependiture of $30 x 109 i. 

Electric power. The estimate of ^he risk 
associated with the use of electric power is based on 
the number of deaths from electric current: the 
number of deaths from fires caused by electricity; 
the number of deaths that, occur in coal mining, 
weighted by the percentage of tota^poal production 
used to produce electricity; and the number of deaths 
attributable to air pollution fiom fossil fuel stations 
(data fjom 3 and 1 1 and fiom Nuclear Safety 5,325 
(1964)). It is assumed that the entire U.S. population 
IS exposed for 8,760 hours per year to the risk 
associated with electric power. The estimate for the 
benefit is based on' the assumption that there is a 
direct correlation between per capita gross national • 
product and commercial energy consumption for the . 
nations of the world (data fiom Briggs,r Technology 
and Economic Development (Knopf, New York, 
J963)). It is further assumed that 35 per cent of the 
energy Consumed vin the U.S. is used to produce 
electricity. '\ \ ■ 



^^Naturai disasters, 'The risk associated with 
najtural disasters was computed for U.S. floods (2.5 
X ' 10-10 fatality per pers<)a*h^ur of exposure), 
tornadoes in the Mid-west .(2.46 x l<hl0..fatality), ' 
major U.S. storms (0.8 *x; IQ-IO fatality),- and 
California eathrquakes (b.9'^t l6-10 fatality) (datiai^ ' 
from 11). The value for .flood risk, i^ based oh the 

■ ' ■ ' ' ' ' 

V- • 



""assumption that everyone in the U.S. is exposed to 
the danger 24 hours per day. No benefit figure was 
assigned in the case of natural disasters.' 

Disease and^ accidents. The average risk in the 
U.S. due to disease and accidents is computed from 
data given in Vital Statistics of the (/..^/Government 
Trintiijg Office, ;Washington, D.C., 1967). 

■. ' • / 
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vThe procedure outlined in the ajjfjendix wa^^sed in 
; cardilating the risk associated With motor-vehicle • , 
travel. In. order tOL calculate' e?^po^ure' hours for^ 
various years, it^ was.assdmefthat thp average annual 
^(jrivihg time per car in^!/eased linearly from. 50 hours . 
in 1900 to 400 hourj ui 1960 and thereafter. The 
'ipercentage of^pepple involved is based on: the U.S. 
population, thq number of registered cars, and the ? 
assunipd value of 1.5 people per' car. 

^ The procedure outlined in the appendix w^s used in u 
^calculating the risk associated withi and the number 
of people^who fly in^certified a"ir route carriers for 
1967. For a given year, the number of people who 
fly IS estimated from the total number of passenger ^ 
bpardings and the assumption' that, the average ' 
passenger makes six round trips per year (data from 
3). . • 

The method of calculating risk for general aviation 
is outlined in the .'appendix. For a* given year, the 
percentage of* people involved is' defined by the 
number of active aircraft (see 3); the number of - 
people per plane, as defined by the ratio of^talities 
to fatal crashes; and the population of %JU.S. 

Group risk per exposure hour for the involved group 
is defined as the number of fatalities per person-hour 
of exposure multiplied by*the number of people who 



participate in the activity. The. group population and 
the risk for motorWehicles, certified air route carriers, 
and general aviation can be obtained from Figs. 3-5. 

irf calculating ''benefit awareness "r it is assumed that 
the public's awarenes$ of an activity is a function 
of A, the amount of money spent on advertising; P, 
the number of people who tak^ part in the activity; 
ar^d U, the utility value pf the activity to the pefson 
involved. A is based on the amount of money spent 
by a particular .industry' in advertising its product, 
normalized with respect to the food and food- 
products industry, which is the leading advertiser in 
^e .U.i . ' 

)n comparing nuclear and fossil fuel power stations* 
..the risks associated with the plant effluents and. 
'niinin^f the fuel should be included in each case. 
The faxllities associated with toal mining are about 
1/4 the, total attributable to fossil fuel plants. As the 
tonnage of.4iraniuni ore requirejd for an equivalent 
nuclear plant is less than the coal^nnage by more 
J fhan an order of magnitude, ,tl^e, nuclear plant 
problem primarily involves hazard-, ftom effluent. 

' This number is my estimate for maximum fatalities 
ffom an e'Xtrenrie catastrophe resulting from 
malfunction of a typical power reactor. For a 
methodology for makihg this calculation, see F. R. 
.Farmer, 'Siting criteBa^-a new approachr" paper, 
p/esented at the International Atomic Energy Agency 
^Symposium in Vienna, April 1967. : Application of 
Farmer's method to a Jast breeder power plant in 
a modqm building.gives a prediction of fatalities less. 
. than this assumed limit by one or two Orders of 
magnitude. 

: Accident Facts, Nat. Safety Come. §ibl. (196?):. 

FAA Statistical Handbook of Aviation (Go\Gmn)Gni 
Printing Office, Washington, D.C., 196^). 
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.Introduction 

The majority of the man-made pollutants 
present in the air today originate from combustion 
sources. Table 1 illustrates this with a breakdown of 
data for 1966 and 1968 published recently by the 
National Air PoUu^on Control Administration. Five 
types ^of pollutants from five categories of sources 
are identified, and. of the five source types, the first 
four and a substantial fraction of the fifth originate 
in combustion chambers. The quamtities listed 
account for more than 90 per cent of the problem, 
in the United States. The tptal weight of all emissions 
is, perhaps, the most startling figure of all. At 200 
nullion tons or more, this is greater than one-third 
of the innual co^l tonnage used as primary energy 

* sdtfi^e, yet it is made up of components measured 
in the parts pej- miUion range. On the breakdown, 
certain category types of ^ pollutants stand 
out-nofably, carbon mono}fide from transportation 
alone* provides roughly -30 per cent of the total, 
mostly representing inefficiency of aufofnobile 
engines; next is SOx from stationary combustion 
sources-mostly power stations-at 10 to 11 per cent; 
hydrocarbons, i.e., unburned or part burned fuel 
from transportation, and carboh monoxide from 
mi'scelfeneous sources tie for third place at about 8 
per cent each. These four account for over 50 per 
cent of the total. The type totals amplify this in 
another way. Carbon monoxide from all sources 
provides about half the bverall total; the ^remaining 
types each provide only about 8' to 16 per cent. 

i 

' These figures underline the serious need for 
abatement; unfortunately, however, the necessary 
techhology has not always been able to keep abreast 
of desirable legislative requirements. The purpose of 
this article is to poiat out.some of the problems and 

* difficulties of reducing pollution from combustfon 
sources^. 

Health Hazards « 

Quantity alone, however, is not necessarily the' 
sole criterion of significance in assessing the impact 
of pollutants. Their physiological' effect is what is at 
issue, and this is generally .a function of exposure 
and concentration. The longer the exposure timt the 
lower the concentration that can be permitted if ill 
effects are to be avoided. This h illustrated in Figures 
I and 2 for sulfur dioxide 'and, carbon monoxide, 
respefitively. \ 

* Vigihcl s^ws th% exposure time required to 
producii stater ^^physiological, effects at ^ given 
concentration. Points of interest in this graph are the 
taste and^edty^4^lreshoI^lr0T^l>dO.5 p. p.m.)- These 




would seem to be good danger signals. Evidently, 
half-a-day to a day's exposure at' these levels should 
cause discomfort, and a week to a month's exposure 
could be expected to produce adverse effects even 
in a healthy man.* For comparison, average 
concentrations in "cities in the Uhited States have 
been reported to range' from near zero up to 
0.16p.p.m., but significantly higher values are 
occasionally reported. In London in December 1952, 
sulfur dioxide concentrations averaged 0,57 p. p.m. 
over a four-day period, during which time 4000 
"excess" deaths occurred. 

Figure 2 provides somewhat similar information, 
for tNi effects of carbon monoxide. Hemoglobin h^is' 
a greater affinity for CO tlian it has for oxygen (by 
a factor of 200), and the toxic effects follow frdm 
the reduced oxygen circulated by the hemoglobin. 
The percentage of hemoglobin saturation by CO 
(which fortunately in reversible) is a good indicator 
of the .^toxicity level. ^While Figure 2 also, shows the 
. s^tur^lion level achieved in a giveji time at a given 
CO percentage, it gives' no information on the longer 
term exposures. If this should last for a day or more, 
physical sickness becomes evident at 25 to 50 p.p.m,, 
and for longer terms (a week or more) human 
performance is probably impaired at anything above 
10 p.p.m. This is possibly achieved by one-pack-a-day 
cigarette smokers. ^ . . 

Comparable graphs for NOx do not' seem to 
have been constructed. Of the six most commonly 
encountered nitrogen oxides, NO2 is evidently the 
most important since all the others tend to form it 
given time (from minutes to hours), although NO is^ 
the principal; -product in flames. AU sufficient 
concentrations, Sl02 is toxic ancj, can cause severe 
damage, leading to death. The odor threshold is just 
over '1 p.p.m., and irritation starts in excess of 10 
p.p.m. By contrast, an otherwise clear sky would just 
show sli^t discoloration at something under 1 p.p.m. 
The toxic levels, lying between 10 and 100 Pvp^m., 
are not generally- reache4f Wbwever, at^the lower 
levels, NO2 participates in the photochemical^ 
reactions leading to oxidant smog. ' This smog 
formation also involves hydrocarbons; hence the 
concern is reducing both NO2 and hydrocarbons. 

Solid particulates usually have more of a 
smothering effect than a directly toxic effect, as most 
are uiologicaUy inert, particularly fly-ash and carbon, 
although they evidently play soriifi^rt in coating the 
lungs and reducing the oxygen transfer surface which 
can be important in bronchial patients. This is usualfy 
••accepted as having been a factor aggravating the SO2 
effect during the London sgiog of 1952 when many 
of' the "excess" deaths, Were among thosp with 
bronchial difficulties. 

Processes of Pollutant Generation from Combustion 

The gross processes generating the pollutants <by 
, combustion are quite simple, although their detailed 
mechanisjjns may be exceedingly complex. 
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^' The inorganic particulates ine inert materials 

that enter the flame as minerals^ana emerge as fly-ash 
after partial alteration. "* " ^ ^. 

Organic particulate^ are carbon or carbonaceous 
solids formed by^fcracking the fuel (coal, oiK or gas) 
in the flame. Their emissions represents poor 
'combustion control; at the higher concentrations, 
they are apparent in t-he combustpr 'exhaust as 
. *'smoke. " It is thoin common to find CO also-present; 
and if a sample of the exhaust.is cooled, condensible 
hydorcarbons may .be fpund. Control of these 
pollutaiits obviously depehtls on good combustion. 

By contrast, NOx and SOx are almost indicative 
»^ of too good gombustion. SO2 Results, of course, from 
sulfur in the fuel, and a sifbstantial fraction.«&pally 
oxidizes,, further to SO3. The SOr cohesion , 
^ jncr^ses with' excess air, so this c'an oe controlled 
to T considertible e^ctent by firin&,any furnace 6r 
combustor as near to st6ichiome?i(i cpflditions as 
possible. 

Low to zero excess air also reduces the NOx 
problem. The nitrogen oxides are formed primarily 
by reaction of oxygen with atniosgj^erifc nitrogen, 
although nitrogen in the fuel can also participate, fn 
, the initial flame reaction, ND predominates, b^ing 
* formed by what is known as tliie Zeldovich 
mechankm^^he NO formation r^te is approximately 
proportional to the square root of th6 oxygen 
concentration, so it is reduced by low excess air. The 
conversion of NO to NO2 then depends on relatively 
slow reaction in the atmosphere, at near ambient 
temperature, in "a laife excess of oxygen after escape 
of the effluent from the^stack. 

Flanj^ Control of Pollutants 

Althou^ the. potential for flame control of 
" pollutants is obvious, the details of any procedure 
are less so. The reduction of excess -air-to 'control 
SO3 formation and reduce NPx-is only permits iblp 
when tlie combustion system is \)nder such good 
control that there are no significant unburned 
combustibles in the effluent gas (CO, hydrocarbon 
organic particulates) eithei^efore or after the excef^^ 
■ air reduction. Table 1 shows that, as a generality, 
this is hardly the case. * 

The problem centers on the speed of mixing 
in the combustion chamber related both to the time 
required for reaction and^ to the average residence 
time of the reactants in the chamber. The mixing 
aspects mayjnclude mixing of the fuel and oxidant 
in the chamber, ' Which are frequently supplied 
separately for safety or 'other reasons. The dominant 
mixing behavior in most cases, however, is between 

• the fresh, incoming* reaffl&nts and the part-burned 
combustioP' gases already in the combustor. This 
requires %ackmix'\i\o^, in contrast, for example, 

-wiJti the.bunsen burj^r, where the gas and air mix 
i™Ae burner tube anSthen carry straight on through 

V the,!fcme and out into the surroundings without any 
feedback to the burner tube. 

In niost practiqal situations, however, the 



rnixing is prpduced by a con>bination of turbulence 
^nd backmix.. In general* there are looplly identifid^l,^ 
streams, some moving in the same direction and some 
in the ofj^osite direction to the main flow. These 
yorward' and. "backmix" streams move gross 
quantities of reactants and products ar0\d in the ' . 
mixing region of tlie combustor, and turbulence ^ 
proriiotes cross-mix between the streant?. Turbulence 
is frequently pictured as motion of smal^ volume 
elements of fluid, or eddies formed by shear flow; 
with a finite but deca^ng eddy ijze. The eddies 
. ultimately 13iSsipate"^ , purely m6f?cular motion, 
finally representing absolute ri)ixing; but 'during the . 
eddy lifetime there are local inhomogeneities in ' 
concentration, and it, is these that are likely to be 
important in pollutant* formation. 

If the backmix streams are large and few in 
number, the turtulenW eddies must be 
correspondingly large' 'With correspondingly long 
\ lifetimes so that they can survive for the necessafy 
penetration distance into the backmix streams. In the 
limit of marginal backmix, >yith stirring dominated 
by turbulence, the mixing disitance must be of the* 
order of the combustor dimension^, and tlicN^dy 
^ lifetimes must be comparable with' the re^dehce 
' times in the chamber, However, sincje the lifetimes 
have distributions, there fs, then, a finite probability 
that a significant proponion>of .'eddies can' escape 
• ^ from the chamber before] final, decay. If the ecjdy 
is almost pure fuel, it ca4j enierge almost intact, or. 
as a range of cracked fuel products, carbon 
mcjjjjoxide^ hydrocarbon intermediates, and fiarbon^ 
depwiding on,.its temperature history. If the^cddy is 
'fuel and oxygen, the vblum^' element might react 
e\plosively,;and this may possibly be a source of * 
combustion noise. Such -localized "hot spots" can^^w 
also cpntribute to NO formation because of the 
locally!^igher temperature. 

.» Even if there is sufficient time for the eddies' 
to decay, final burn-up may still not be complete.*-" 
Intermediaf^formed (particularly carbon) may be 
so 'much less reactive that the reaction ' time is 
increased and exceeds the chamber residence time. 
This is furthejf aggravated if the products are then 
quite rapidly cooled. In a small cbal-fired boiler (of 
, , abou^ 100,000* lb. steam/hr.), cooling of cases 
through :the tubfe banks can approach 10"^ deg./sec, 
which is. -a rate fpund fromr post-flame studies that 
would effectively quench the CO conversion toC02. 
In reciprocating en|fnes, the reaction time is 
substantially shorter, and the rate of cooling even 
faster. In,xonsequence, thq^gh level of CO ind 
hydrocarbon emissipns fro'Jn transportation power 
units is- almost ihevitableWaggravated in .many 
instances by bad maintenance). ' 

■Tliis argument suggests that ^he objective 
should be to increase backmix Vhilefrejducing the 
' turbulence. The; possible limit of this is mixing 
without turbulence-a process known as "bkfiding. 
At the present timp, however, '^e tendency seems 
to be tp go in the opposiy^ direction. 
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Abalfiment 

- In pi^hciplc, somethmg can, be done about 
>potential contamirtfSnts by treatment before and after 
the flame. Five ways darrbe suggested, although not 
ail* are suitable for each of the five principal pollutant 

J* types. * / , ; 



\)Pretreatment - Cleaning of the fuel would? 
be aimed at removing mineral matter and sulfur. 
Removing mineral matter to cut dowpj fly-ash applies 
only to coal. Cleaning coal is a welf-developecj 
technique, but for use in power stations it is usually 
omitted because of cost, particularly in mine mouth 
operations where the mined coal goes straight to the 
pushers. In this case; the inorganics are then removed 
•^rom the stack gases as "Hy^ash. 

^ If pretreatment of coal to remove sulfur is ever 
pifccticed (as it is on occasion for oil), simultaneous . 
removal of mineral matter might be practicable.'^ 
Desulfurization by hydrogenation is also potentially 
possible, with-^ulfur conversion tp H2S, and has the 
advantage ovef -post-combustion cleaning in that the 
wejghts or volumes of gas to be 'handled are 
substantially smaller, with praportionately higher 
component concentrations. A possible reactor scheme 
to achieve this was 'published recently, but only the 
first stipps have so far been taken to implement the 
proposal. , 

■ (2) Flame Control - This is altogether more 
"promising, in -spite of the problems outlined above 
(Sec. "Flame Control of Pollutants '\ by the 
recycling of Hue gas and stage(f air addition. These 
do Q^t overcome the turbulence problems already 
but. aire aimed rather at reducing overall 
temperature levels, anfj particularly temperature 
peaks, ^pither by direct dilution (Hue gas recycling) 
or by delaying the total air addition by staging. This 
"Staging is aipied particularly at the NOx formation, 
although ihi staged air addition will reduce the local 
oxygerKboncentrations through the Hame, which wUl 
al^. help to reduce th6. SO3 formation. 

Fhii5^:^as. recycling in sufficient quantities can 
also cut dAwn smoke formation bytmechanism tFlat 
hap.noi yet been elucidated. Experiments some years 
ago showed that 'smoke f'rom combustion of No. 2 
oil could be eliminated' by firing a 50 per cent excess ' 
air, or at iero excess air but with 50 per cent fiue 
recirculation (artd in a little more than direcf 
proportion between these limits). Even more 
surprising ^s the discovery that when' the fiue gas 
recirculation w^s increased still further, the yellow 
flame, turned' ^lue. Thi^ belbvior is nowthe basis for 
a ntimber of attempts to' commercialize a bluflpame 
oil burner for the domestic markel with prospects 
for reduced noise and emissions, 
' / , ' 

(3) Exhaust Effluent Treatment - This has 
traditionally be?n practiced to cut down fly-ash and 
particulate emissions, particularly in po.'^er stations 
generally^' using cyclomes and electrostatic 



precipitators. Additional treatment to include 
removal of sulfur and nitrogen oxides has been 
attempted more recently, particularly for 50x, but 
success has not been widespread. Strauss^descrjbes 
several liquid absorption methods lor SOo, with three 
applied to power stations, but he also states that no 
really satisfactory solution of general applicability has 
been found. TJie alternative to liquid, absorption is 
solid absorption with calcium oj?^de or calciumed 
dolomite, as possible choic^i Activated carbon is a 
further' possibility. . 

Treatment of automobile exhaust with its high 
level of CO and hydrocarbons has centered on 
catalysts to burn up both, but again these are still 
in the development stgge. ' 

■ " 

(4) Dilution - If the exhaust effluent from a 
stJick cannot be cleaned by existing techniques, the 
final resort is dilution. This is achieved by building 
stacks so higli that when the plume reaches the 
ground the contaminants have been reduced, under 
.most conditions, ttf below the statutory limit. "The 
atmosphere has, of course, been the traditional sink 
for most effluents in any case, but the vejjy high stack 
is the logical outcome of arguments that the 
atmosphere is still semi-infinite so far as curpent levels 
of contaminant generation are concerned. If, for 
example, it is true that the SO2 average concentration 
as it exists naturally in the atmospher^ would 6nly 
double in 15 years at the present rates of SO2 
generation (and disregarding wSshout), then it would 
seem reasonable only to make sure that it was well 
dispersed by a high stack. 

Such an operation- would be satisfactory for 
most of the time although lower sulfur fuels would 
have to' be available for use under special atmospheric 
conditions such as inversions, or those allowing 
fumigation. It has been estimated that this would 
occur only about 2 per cent of the time in England, 
but in some -parts of the United States it could be 
a good^deal more. The maritime climate of England 
would account for the relatively low figurie^^of 2 per 
cent but the*continental climate^ of the United States 
"could easily be responsible for a single 'pollution alert 
lasting a week or more. 

(5) Thermal Efficiency This is one finhl 
possibility for pollution abatimei^ that deserves 
-some attention. The rate of* production of 
contaminants will be roughly proportional to the 
total fuel consumption, so reduction of this total by 
using the fuel more efficiently must reduce the rate 
of geperatio/i of pollutants. A breakdown of the 
energy market. JiUo four groups of users gives the- 
following: (1 )'Tel^ctricity generation and transmission 
-15 per cent;^(2) tpsidential and commersial - 20 
per cent; (3) transportation 25 per cent; and (4) 
industrial - 40 per cent. There is not now too much 

^6qope for improj/ement in thermal Wficiency in the 
electricity generation area without radical 
odification o^xisting methods, so this will leave 
he" largest SOx ^nd M©x sources as tijey are, with 



1 f trauss, W., Induitrial Gm Qipsrning, Pergamon Press, 1966. 



abatement, based on* other* factors. Th^re should, 
^ however, be room for improvement in the other three 
areas, arijli particulariy in industry, which uses the 
largest fraction of energy and where there is 
considerable scope .for additon of heat recovery - 
equipment. 

There has not usually been too much incentive 
to do this in the past because of, the difficulty of 
justifying such equipment on t.h^ basis of recovery 
of costs. The fraction of manufacturing costs that 
•is due to energy or fuel is only 3.5 per cent for all 
manufacturing, although it is rather higher in heavy 
industry (ferroous and nonferrous metals, 
refractories, chemicals, etc.), where it ranges from 10 
to 25 per cent. The cost recovery situation might 
be improved, however, if manufacturers were to pay * 
for the air they use directly or indirectly 
(traditionally regarded as free) by a tax on their fuel 
and electricity consumption. 

Judging by Table I, efficiency improvements . • 
would , have only a small impact on the pollutant 
enH|5sions since, indusky evidently generates only 
about 15 per cent of the tot^-a surprisingly low 
figure-but it would provide a lead and would also 
contribute to alleviation of the power shortage. 

Conclusions 

Air pollution from combustion sources is a 
problem, and in some areas of the country a serious 
one, but; it has still not yet reached the uniformly ' 
catastrophic proportions that some of the 
self-appointed priests and politfHnen moralizing over 
the sins of inditstryjfftfuld have us believe. However, 
such catastrophic proportions could well be achieved 
within a generation if effective uniform action is not 
taken very shortly. Unfortunately, what can bt done 
is still somewhat limited as much of the ^needed 
technology is stiil undeveloped. 

• Of the five pollutant types listed in Table I, 
particulates are the 'easiest to live with without 
further action, although here the removal techniques 
are alsotl^ most advanced; indeed, in a number of 
instaflecS"'^ they depend* only on payment for 
installation costs. iTie easiest to eliminate on the basis 
of current knowledge ought to be ,the combustibles • 
(CO, hydrocarbons, ^nd - sometimes organic 
particulates) emanating from all sources except 
transpprtation; although extensive supplementary 
development research may still be necessary in some 
cases, |)ar4icularly in incineration. Knowledge of the 
basis for controlling NOx is gaining ground, although 
again extensive, development research will probably 
be nfeded in a number of cases to apply the results. 
The biggest problems still seem to be: CO. emissions, 
particularly from transportation, and SOx^missiorjLS, 
particularly from power s|^tions. Elimination of cd- 
by. catalytic after-burnirig:' outside the engine 'is . 
stopgap answer at best. The groblem really* stems ^ 
from the nature of the reciprocating engin^r which 
cannot really be regarded as an example o(vc(legant 
(Engineering desjgn. Can a be.tter unit be produced to 



displace it? And will society pay the cost, in view 
of the immense capital investment already involved 
in reciprocattng engines? Finally, SOx emissions still 
seem to be currently the most intractable, A number 
of promising possibilities exist, but there is still no 
commercial process that is simple, cheap, effective, 
and reliable. It is,,periiaps, fortunate that the tall 
stack solution is avaifable. as a stopgap, as long as 
local ordinances are not unimaginatively rigid and as 
long as sufficient low-sulfur, stand-by fuel is available 
for periods when meterorological conditions are 
adverse, 

Prodded by environmentalists, the research is, 
slowly mbving toward solutions, aided by much' 
verbal encouragement from -bystanders and occasional 
financial assistance from appropriate - funding 
agencies. TJie problem exists, of course, very largely 
because of too little rather than too much science, 
although some of the more excitable members of the 
community advise a return to. the primitive^ to 
eliminate both science ^a^d' - pollution. ) Such 
suggestions, however,' miss the'point. Man, like all 
liying things, generates wastes. This he must live with. • 
It is not the waste of itself that constitutes pollution 
but the generation of so much waste that adversely 
affects the environment. This is not unique to. map. 
Even animals can so adversely affect their 
environment that they suffer for it; for example, by 
overbreeding when food is plentiful, they overgraze 
when it is not and may die. Man can do this, too, 
but he has also learned how to avoid it. Measures 
to control wastes are not new. One of the most 
significant stfcps in waste control ever talcen was the 
production of cheap steel pipe, in quantity, that 
enabled the separation of drinking water from 
sewage, and it probably did as much for the general 
health and reduction of mortality as all medical 
— ^arch to date. 



There is no reason to suppose that the current 
problem of air polUition cannot be solved, given^the 
will and the means. Curiously, one of the big * 
difficulties at present-in addition to the invariable . 
shortage of research funds-is availability of trained 
manpower to jindirtake the necessary research. 
Pr^ching and legislation are useless without the 
technology. . If those who are so vocal in criticizing 
the shortcomings of science, industry and the 
universities in solving "relevant" problems were to ' 
take a hand in developing the necessary technical 
solutions, even if it means getting their hands' dirty, 
we should get; there a good deal faster. 
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Table 1 . 

Emiision Ratef of Dominant Pollutant Types ' 
and Sources for 1986 and 1968 

Millions of Short Tons per Year ' ' ' 

These data account (or mm tfiaa 90 percent ol all emUslons in the United States 

PoUutant Type 



Pollutant Source vv 


CO 


Hydro- 
carbons 


N'0« 


SO, 


Partic- 
ulates 


Total 

by , 

Source 


Year 


Transportatiori ' ^ 
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17.6 


8.1 
7.6 


0.8 
0.4 


1.2 
1.2 


90iS 
9r.3 


1968 
1966 


StaMonary Combustion 
Sources «^ 


J. 19 
1.9 


0.7 ' 
0 7 


10.0 

.^6.7 ' 


.24.4 
219. 


8.9 
9.2 


. 45.9 
41.4. 


1968 
1966 


Indtisthal Processes 


9.7 
10.7 


' 4.6 

as 


o.a 




"*"7.5 
7.6 


29.3 
^.2 


1968^ 
1966 


Refuse Incineration^ 


7.8 
7.6 


4.6^ 
.1.5 




o.r 

0.1 


1.1 
1.0 


11.2 
10.7 


1968 
1966 


^Miscellaneous*- ) 


, 16.9 
16.9 


8.5 
8.2 


1.7 < 
1.7 ^ 


0.6 • 
06 


9.6 
9.6 


.37.3 
37,2 


1968 
1966 


Total by Type 


101.1 
101:^ 


32.0 
31.5 


20.6 
18.7 / 


33.2 
'31.2 


28.3 
286 


214.2 
209.8 


1968 
1966 



^Includes Mich lourccs -Bt foretc 'fires, ttnictnrml fircf* coal refuse, aaricuhure, omank lolvent evaporation, and 
fawlive marketint 
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CHAPTER 8 

PLANT SITING AND ENVIRONMENTAL IMPACT 



1. Siting Cnleria 

When the public demand for electricity dictates 
the building of a new generating plant, the utility 
company involved must make a careful study to 
determine its best site. It takes into consideration the ; 
power network in the region, the type and availability 
of fuel and the impact that the plant will have on 
the environment. Traditionally, power plants have 
been located on the surface of the ground,.either near 
the Source of the fuel or near the urban marketed 
major transmission lines. Such sites were selected for 
economic reasons, without defei-ence 'to 
environmental concerns. Today there is .^eafer 
awareness of . the. need for iricreas^ . care in this 
selection process, and a utility company miist-make 
a careful assessment of the impacts, that a 'proposed 
planf will have orf the environment. The utility must 
file with^ appropriate government* agencies an 
environmentalv irppacf statement «whicn jdescribes 
these imjiacts. « 

The follo>wng paragraphia' describe important 
criteria/or plant site selection. 

A. Powe^ Network Considerations 

The service area of an individual utility should 
be determined. The location of major urban areas 
should considered. The lQ.cation^ of Existing 
gene ratingj pi ants withjn the region should be noted.' 
In some instances, ft iriay be desirable to site a new 
plant next to an existing* one. The concept of an 
energy park has recently emerged. It maf be 
advantageous to locate sevet^l power plants in (he 
same vicinity. An example of a.ipap of major yrb^an.v 
areas and genetatifig planfs is shovpn in Figure 24. fht\ 
location, of transntis^on lihps aind interconji^ifon& c 
with other power suppliers dioul&be considered. If a 
plant is built, far from existji^gftransmission lines, 
tbejre will be additional ehvuk)rtmental impact from 
estiblishing new lijnes arid rights of way. ^ 



A. 



v^l!«y • '\Type: 
Cdtrtsiderat'ions^ • - 



anti ^Fucfl ' Source 

; ,^yhe ayailahilitv' of 'fuels (othfer than pwaO 

lyiries greapyr^^a^e^^^^^^ IqcationsTOi 
Of cosl rn^ftt^^ areas, buf 

. -tjgiJslwrtatitSf high sul^r content^limit their 

; . -use. Hy dialed trjc ajbd, geoti(iermal sou^ 
v extfehjely^ limited in oecurr^hcp . and loqati 



s are ^ 




^ it^l^^tesibli 
^rt consfrudti 




id eboncmlic^ly feasible 
lipment and piywer plant 



machinery to the proposed site through the use of 
existing facilities as much as possible, dfp&jor new 
roads,^ rail lines or canals must be cohSructed, their 
. environmental impact has to be considered. Some of 
the equipment that must be brought in is very large, 
such as the massive generat»i;s, and, in the case of 
a nucleaj;, plant, the-^reactar pressure vessel. Ready- 
access ito the site is highly irnportant and one of the ./^ 
ftrst faiqtors* to be considered. 

• * * ■ * - ' \ . ■ . 

The best sites for po^wbr pi arits are. in ar^as that 
are. relatively flat and ^have adequate drainage. The . . .. 
stability, pf slopps^WQuld be high. Mountains,*- 
foothHls, ifnarshey and flood plains are cojisildered . . 
unfavorable^Rock formations with excessive areas^of; 
•weakness, such as> faufts,. should Jbe 'aTipided unless: 
^ adequate ert^neeriftg- compcjhsates^^ . 
hazard'. Areas that have had, of are. Hjp-one/ t5, 
earthquakes, volcanoes, landslides, floods and tidal* 
waves shouW be excluderf from consideration: Areas^ ' 
>\jth .u)idergrou|id mkies, sinlchcjles, and caves might : - - . 
'*p;bve. hazardous due to sudden; surface coUapse. 

(3)' ^Hydrology : V V 

V ■■■ t " J," ' " * " • 

Today's mlSive nuclear and fossilrfueled plants " 
neecf large quantifies of^ter for cooling: "It..' is, 
therelfflre, necessajy^for a plant to be riear ia stiitiabfe . ; 
^ detailed study of th^ -surface ariS; 

ffis*\3C|ftpP^ny any site .ev^atioaCf . ' % 
Iffiies irrajt ilso consider Uiititatiohs - . 
isting laws or policies. For &xiitiple/'V v' 
a, surface 'and ground water i1]^ts %.'^^ 
with lind ri^ts, and lip^treacri. yja^ 
ive precedence 'in v/ittr .usie. I^dwev^f, /'^^P 
idowfjers mu^ jesiject dojvpstream.^ 
"fte water. If a downstream^iier usfi^ v 'i? 
^firrigation, a ;jfedlictiqhj*ffi the. flow - 
pow^r planf upstream icpuld bai^e' an 



Meterology ^ ^ .* 

:ause^f their,.w6,Bthfei^|»^ 
iciuld be avoided as 
w, if a; site is othemse 
. . _ le to eliminate the weayier-relaPRKibl^s by 
♦ special en^neering of the^^ant.- T^e ideak power 
plant sitfe would have we|J|acGaiditions that allow ' 
sufHcient dispersal of wwe^ffi^^and ^ tack gases to . 
the atmosphere, ihtx^^i^^i[\m% *detrimen taT 
effects to tfie surrounding eSwj'onmertt. AlsOj areas . 
whlqh. are prone to watftgjtouts, tortiadbs or 
uniiiually high winds pre^-special en^ecring '. 
problcps. Power plants ha^g cooling toVUerS' .or 
,1. ponds should hot be located where extreme fogging 
^or icing Vould Mlhazardous^ to land,' sea o^ air- 
. transpoj^tition.^ ' 




'mo.. 



J- 





(5) Ecology' 

Some aquatic species, such as salmon and 
lobj^r, must live in water temperatures of a narrow 
ra^^. Water bodies coataining such species should 
generally be avoided as a plangsite. This is especially 
applicable in the extrenfe SQujtj^fejn or northern parts 
of the United States, where-tjbe^water -temperature 
is naturally ,very warm ^L^Sry cold. Nesting, 
spawning and nursery area;^ * 
wildlife, fish or shellfish^ 
as a power plant site. Fiv 
be located where it C6\x\h 
migration of important 

endangered species of wildlife live. In some cases, 
however, the development of a site may actually 
benefit some rare or endangered species by serving 
as a .wildlife sanctuary. 

(6^ Land Use^ 

A power-plant site should be compatible with 
other existing Uses of the area. Local zoning rules 
may have to be considered. 'The amount of la^d 
required for a power plan/ will depend on the fudi 
used (See Table 9).^As rpentioned, a coal-fir(*d station 




^Iht species of 
be considered 
site should not 
erfere with the 
s* <5r' whei;e rare or 



requires much space }ot its ccal supply and waste 
storage. The relatively large area required by a nuclear 
plant is necessary ^o provide distance between ilie 
reactor and people. This distaiice,igalled an exclusion 
distance, is required by federal law. There must also 
be a low population zone surrounding the exclusion 
area. This is discussed in tite next section. 

^/7j. Human Factors 

in the case of riucjear plants, sites must meet 
^federal requirements that protect the general public 
/from radiation exposurjC. Thus, nuclear plant sites are 
situated away from densely populated areas. 

No power plant should be located in, or npxt 
to, unique natural resources or scenic attractions, 
such as national and state parks ancj wilderness areas. 
Similarly, a power plant sliould not be located in or ^ 
adjacent to historically signil'icant and 
archaeologically significant areas. Finally, public 
opinion should be sampled and should piiy a part in 
the siting decision. 
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TABLE 9 



Land Area for Power Plants 



Plant Fuel 



Average Acres Required. 



Coal / 
Oil 

1 

Gas 

Nuclear ^ 



1050 
250 
150 

1160 
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SUPPLEMENTARY 
MATERIALS 
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FOR 
CHAPTER 8 




lUCLW OFPDIIIfEji mm 

How are central-station atomic power plants licensed 
and regulated? tfie U.S. Atomic Enprgy Commi^ion 
requires two separate licenses— one to builB lltfe la 
cHitjr and another to operate it. Let's trace the steps 
in the process bf obtaining a construction permit. 



.1 



o ■ 

QAs construction progresses, additional informa^ B 
%^tion is developed, and the utility applies td the 
AEC for an operating license. The same careful anal- ^^iPv 
ysis IS made by the AEC »n deciding whether or nol^'^-rx^^ 
to issue the ooeratinc Mrmif . ^--^X^ve^^y 



' A newly required E^^Nwrmental Re-, 
■ port must be fileia by the applicant* 
whict) is reviewed by all interested- 
state and .federal agencies. They 
must approve all. of the planfs'ef- 
fects Ofi the environment before the 
AEC can issuea qonstrtjction permit. 




i AEC's. Division of Li- 
sing it Regulation makes 
of the applicatioa avail- 
Kthe public and'ACRS. 
:tinical experts* study the 
lion, review it with the ap- 
and prepare an analysis. 



aha(ysis is submitted to the AEC's statu 
JOiry Committee on Reactor Safeguards, 
o^ 'independent experts. ACRS studies 
)nMr> detail and holds Anferences with 
and DLR staff. The ACRS findings an 
leAEf and made' public. , * 



A putJIic hearing is held, 
usually near the proposed 
site, by an AE;C appoint»d^ 
Atomic Safety & Mceming 
Board. Private citi2er*>State\ 
Jocal officials, and.;',fct*nrmm}ty 
groups may attend 'and give 
testjmony, i . ; 
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BACKGROUND INFORMATION 



POWER PLANT SITING ACT OF 1971 DRAFT Of 
PROPOSED FEDERAL GUIDELINES 

SECTION 1 . SCOPE ^ 

These proposed guidelines are intended ta^^feftve as 
tfie basis for meeting the requirements set cj^in the 
Power Plant Siting Act of 197Megislation sift)miUed 
io the Congress by the President on February ' 10, 
,1971 /and designated H.R. 5277 and S. 1684 
(hereinafter "the Act"). - 

SECTION 2 - PURPOSE 

The purpose of these guidelines is to aissure the 
establishment of State or regional certifying agencies 
capable of providing tlie judgments required Under 
the Act. To this end» these guidelines provide the 
basis for the establishment 0/ a decision-making 
process and timely and effective procedures within 
each certifying agency to assure competent, prompt 
determination and re"solution of environmental and 
power issues within its jurisdiction. Additionally, 
these guidelines are designed (i) to inte^ate to the 
extbnt possible, any associated review, licensing, arid 
permit granting activities of the Federal Government 
with the State or regional procedures, so as to achieve 
as close to a complete p|ie-5top certification 
procedure as is possible; and (ii) to provide guidance 
for the certification procedure of the Federal 
certifying agency. 

.SECTI0INJ.3 r POLICY 

■ ft . *' , 

The poliidy intended to be carried out by these 
guidelines is to ajlow the States^ (or groups of States 
which elect to act as a regional certifying ageijcy)' 
maximu'm flexibility within the requirements of this 
Act to -experiment and tp develop those procedures 
for the/certification of sites, routes'^nd facilities 
which best fit t^e particular conditions and 
requireiTients of each jurisdiction. TTfe primary 
, requiremenf is that the certifying, agency be capable 
of ptofessionally evaluating and balancing both the 
need for electric, power facilities and the need to 
prote^^nvironmerttal values. w ^ 



iSECTldN 4 - COMPOSITION OF THE STATE OR 
REGIONAL CERTIFYII^G. AGENCY' 

!• a. Type of Agency r These guidelines* seek to 
provide the framework fdr a broad variety of options 

. . to S[tate governineiits in the format^kpf State and 
Ijegional cer tiding agencies. TheSse^S^jsiorj-making. 
^ bodies may . bl. * expting agencies* newly "created 
agencies, or boards cofisisting of members froni" an 
appropriate spectrum of existing State agericieS'/Hi^ 
decision-making authority may be located with the ; 
State . PuWic Utilities Conmiission, although in such 

' cases, care must ' b§ . taken to insure' adequate 
consideration^ of environmental aspecU through the 
Fequirements for participation discussed hereafter and 



Its 



in the manner discussed in Sections 7 and '8 of the 
Act. It may be located within a State environmental 
•protection ageniqy, although in^^uch cases care must 
be taken to insure adequate cimVlderation of the need 
for facilities ..through, partrcipatibn requirements 
hereafter. Other possibilities with perhaps greater 
potential for balancinJ^ power and environmental 
needs would be the State land-use planning agency, 
the State natural resources agency, ^r a St^te siting 
agency with represeiitatives from the interested 
existing State agenciei^. In jome cases' .States ma^ 
wish ta place final authority with. the Governor. To 
tlie exfent possible, the Fede^al• certifying agerlcy 
shdl aUow each State to adopt >a State l^dy. that, 
best serves the purposes of the Act w'ithin its 
jurisdiction^ 

t ^ 

In some cases, a pre-existing agency of the Stati 

governrnent may be qualified as the ^tate certifying » 
agency, or may serve as the basic agency to wliicli 

. a heW office is attached to carry out'the functions 
assigned under the Act. Where, the pre-existing agerioy 
has a clear identification with either aspect of thd 
power-environment equation, extreme care must be 
taken to insure that the criteria set out in this section 
are fully met. It. is the intention <)f this secrion :t^/ 
encourage the, formation of a State or 'regional 

-cerMfying agency meriting the conficle,nce of the * 
public as to its compete^nce and ^objectivity with 
respect to both electric powfer needs and 
environmental protection.- 

^Jb. Participation - Section 5(a) of .the Act> 
requires pa r tic i pa Hon in the decision-making process 
of the certifying' agency 'Iw erjij^irbnmental prptection, 
natural resdurf^ planmhg,' aijd electric pdwei 
regulatory agents, of the State government and 
authori^s pjarticfgation by members' of the public. 

^ '^Participation*' l)y component^ of State gqveijimeat 
means either taking part as. a voring member of the 

^'^decisi6n5making body of the^ ^certifying agency, or . 
acting iri^an-acjviSDry 'c^qpacity to that agencyv with 
respect to 4he aspect of its j^ecision wi'lhin the ^ 
Pcirricipant's area^> of ♦ competenoe. Wi^tig such , 
part icfi)at ion Is limited to an advisory capacity in the 
participant's area of ispecral ^^ornpetenpe ^ such advice 
shall be ;su6arthtfl(jj in writing and iij^e public an^ 
thf certiMng agency may ..^depaft, from sucH^advice 
only iyit deteiifnines aiid -jt^' dera ' 
departure is^neccs§ary to^ accompli^ the ^overall 
objectives t)f the certificatfon. process. Ih. any even f,^ "- 
certifying aMicies xnuStftscertajJi that alF applicab^ ^ 
Federal stairords, |)erTnjR, or licenses forihet^roject. 
have been satisfied or obtained as required by §ectioi? - 

r 7 of the Act.^ In the casirf^of FeSerat V?ater and ih"^. 
quality standards^ tlie ^tisfaction shalfl9^ di^rmin^d ' 
by the. duly airthorized*StatiiJivater. and air 

control 'Jiopnripc 'fu>/ifirfff ' vtnn/inrrte' ttiPoric** 

* Standards 
agency. 



agencies.. Federal ^ standards' mean^' 
established " am approved by a Federal 
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Participation" with respect to the publiS means by 
making comments Or being perraitted to become a 
party to proce;edings involving aftftcatjohs in which 
such person his an interest. . ' ' ^ ' " 

c. Staff - th^ State or regional certifying agendy 
must, have a competent and interc^sdplioary 
profes'signal and technical staff capable of dealing 
with fhose environmental and power issuer which 
come before it. The Governor, in his request Tor a 

; Certificate of Qualification from » the ^Federal 
certifying agency shall describe the . composition of 
the staff. In* some cases, the State or regiorial 
certifying agency may find that employment of such 
a staff on a full-time basis would not \>g justified 
based on the anticipated work-load. Where this 
occurs, the Governor shbll specify the manner in 
which the State or region^il certifying agency will jcait 
upon consultants or experts from other agpncies of. 
Government to assure "a balanced; determination of 
issues. ^ . . ■ 

d. *Finartce - The State or regional certifying 
agency shall be authorized to assess and collect fees 
.from eleqtric entities within its jurisdiction to cover, 
tlje cost of administration of its ftinctions under the ? 
Act. The application for a Certificate of QualifiCatiori; 
must shaw to the satisfaction of the Federal - 
ceftifj^ing agency how the State or regional. certifying 
agency will be financed in a manner adequate to carry 
out the purposes of the Act. . * 



distribu^lati. of tht report by the certifying agency 
shall be%"ccordMft 
Section 8(a) .^^Wie 



;o the requireriients set forth in 
Act. . V. 



SECTION 5 - 
LONG RANGE 



REVIEW 
PLANS : 



AND COMMENT ON 



Section 8(a| of the -Act sets out the responsibilities 
of the certifying agencies to review and coYnment 
upon the long-range plans prepared and filed pursuant 
to Secton 4 thereof. Eadi electric entity operating 
within the jurisdiction of.^J.Q5rtjW&m 
•filfe with it the annua! iog^i^ifig^^^^ document 
by April 1 of each:y^e^r:''^M^ be 
encouraged to combifi^^^gy^^ 
. plan in coordination ih - 

<)wier 383-2 of the%*^ Comnussion/ ' 

' authorizing! xoliintary anftuah repprts from electric • 
reliability -coiintils covering »the continental United ; . 
§tate^. The Act, howeyerjjeqiilres the provision of^ 
•information hot now requesled under the FrC 
procedures, including the preliminary identificatibn:!;. 
of sites and routes ^pl^mndd for Use withih the next 
five years, an 'i^analysis' of efforts, to meet 
environmental* J protect ion goals, and other: 
requireme^ Section 4 of the Act/ 

> Each certifyirfg agency* shall cttapUe* di||f publish by 

September 4 of ieach year its- review apd cominents 

on the ^annual plans. QleijLAipth' it iy ^ 

April i; ;The inteqt oT'lhiS; poiblicatioH is: to ^ ' 
' summarize\the lobg-range plan? of Electric entities/ 

operating within its. jurisdiction,* their relation to 
. adjoining jurisdictions, and to efvduate the adequacy 

of these plans from theVpoint of 9iew of providi^ig 
. adequate' electric vpower' while - maintaining 

environipental values. The ^publication and • 



.^SECTION 6. PRELIMINARY REVIEW ANb ' 

i^TIEyifRlNGS ON PROPOSED SITES 

• •J- * ".'* 

A^ part of its September 1 'report on long-range 
. planning by the electric entitie? within ife^ 
jurisdiction-^ the cej-tifyin^ agency shall also publish 
the compilation.:0f proposed power plant sites and 
general locations oY transmission lines as required in 
^Section 4(a) (2) arrd. Section 8(b) Of* the Act for all 
facilities, .construction of which is planned to 
commence -within five, years.' With respect to 
proposed power plant sites, public hearings shall be 
held during the period September 1 to Etecember 15 
of each year on*iea^:h newly-identififed site, and the 
, certifying agency "sjiall datennine whether or not such 
site is to be placed on Uie list of approved sites by 
February 1 5 of the next year, less than .one year lifter 
^uch appeared on the plahs of the electric entity. The 
ir decision of the certifying agency shall»be according 
to the standards set out in Section 8(c) of the Act. 
Each site shall feceiye' either: ■ 

; (1) preliminary approval as a site, subject to.jevfe.w 
at the time of application f©r certification* only with 
> respect to .chaiiged coaditions (other factors' not 
■ considered in tfiis-preliipinaty review such as the 
facility design would,. of course, bWeviewed during 
. the certification jirocedure^; or y, .;r 

' (2) preliminary c6riditional%approval as'a sjte, subjeqt 
to review at the time of application for certificatiori 
with resect to changed conditions, ^d withtespeot * 
to conditions placed on the.rftture or extent of the - 
'* facilities to be placed. thereon. (Apprevai h^re woul(L ' 
be the samte aS (I) except ' that, site - may .b?. 
conditioned for a nuclear or lossil" fueled" pi arit only J'^> 
for example); or . t ' ' * 

(3) suspension 'pending further study, because: thp 
toristructipn of any buljc power facifity, on the site 
might unduly iiyipair important environmental values. . 
, Such suspension may extend /or ipi^ more' thaif three 
years, during which time the electric ^nti|y kisiether. 
; • ^ with appropriate environmentaS . agencies^> jrtust • 
^cHvely seek ip defermine ; whether irrip6rt.an| 
• environmental v^iies woiild be' impaired. FiMoi^i^rig^^ 
the period of ^iispensten.the sitejnay be resyjJItittedv 
and the .certifying ^^ency*jnust,ygiye\prdjrhinay' 
^ approMl, preliminary conditional approval, br . 
disapjj?oval of Ae site; or * * ' 

■*■■-" " ■ . : ■ - * . * , • " "* 

-(4) ^isajpprbval, a^-.a site because the-constniction ot . 
any bulk ppv^r J*iUty , on tlj^iit^"^ 
impair iniportaint ?nvirj)i).me,ptal'r'^^Vj|aes Such 
dij^a^roval sfi^ 'final and' not. - ^6ct J to 
resubmission ^r consfderation as a site unless there • 
js clears evidence of changed conditions. . 



SECTION 7 - CERTIFICATION QF ' FACILITIES 

For all .bulk power facilities covered by this 'Act, the 
appropriate qjectric entity shall apply for^ertification 
of site and facility at least. two years prior to planned 
commencement of construction, as provided for in 
Sections 6' and 7 of the Act, In addition to any other 
sugh informWion which the certifying agency may 
Require, tjie/ojectric entity shall provide^^ith its 
applicatioyn a"»detailed statement on: • ^ » 



The environmental 
pjoposed facility. 



impact of the 



II. 



Any adverse environmental effect which 
cannot, be avoided if [ the facility is 
constructed a^nd operated as proposed. 



Alternative locations, 
actions. ' 



measures, or other 



The relationship between the short-term 
-"environmental impact ■ ofTtm^j^^ioppsGd 
facility and the maintWah^^ and > 
enhancement of long-term profiuctiVity, 

:;^ny ...irfeversible and irretrievable 
VcaiVi'mitrfients of resources if the 
^.pra|>9sed facility is constructed, 

\^^^'^^^^^i^^*^^dG]p{ of such application shall be made 
^^;;,>^F*5s "provided in Section 8(d) of the Act, and the 
• tworyear period shall be considered to begin to run 
froiji the time of first publication, which shall in all 
cases occur within 30 days of the actual receipt of 
a valid application. Hearings to consider the proposed 
certification shall commence within 6 months of 
publication arid to the extent possible a decision of 
the certifying agency shall be reached and published 
Avithin one year. Failure to reach such cqnclusion or 
to indicate that a decisign is imminent after a 
- /--r.^^ypa^ period has passed from date of publication 
• •;shiml j»* grounds for the electric entity to petition 
4:Mithe^^Weral certifying agency under Section 6(d) of* 
^'y'4he^:Act^ Except where, for good cause -shown, the 
Site has* not been drawn ftom the list §f approved 
' * sites as provided for under -Section 6(b) of the Act, 
the review of ih\ power plant site shall be limited 
as described above in Section 6 of these Guidelines, 



SECTION ONE-STOP PROCEDURE 

a. State or Regional Certify ingAgency - The Act 
^lr"Tft4ended, to provide in a single procedure final 
» decisions on all State and local government approvals 
required for the construction and operation of bulk 
power supply facilities. It also attempts to coordinate 
and integrate albnecessary. reviewsiof envtrorttnent^ 
concerns by Federal agencies so as to achieve as close 
-to»a complete , one-stop procedure as is possible. * 

Section 7(a) of the Act states that the judgment^gf 
the- afJ^ropriate certifying^ body shadl^be conclusive 
on all questions of siting, land use, state'air anokWater 
. quality standards, public convenience and necessity. 



V 
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aesthetics, and any other State or local requirernent, 
"Judgment. „,i/w// be conclusive" means- that the 
State has . provided through appropriate use of its 
legislative aiud/br executive authority for^the issuance 
of a Certificate of Site aijd Facility by a qualified 
State or regional certifying agency which shall certify 
that all Federal permits, licenses, or standards have 
. been satisfied or obtained and which shall incorporate 
or supersede any requirements for the issuance of any 
permit, license, or certificate for^the facility involving 
erwironmental^nd power supply concerns required 
under >a Stat(r or local statute such that; 

(1) . the requirements of such State or. local 

: permit, Ikense, or (^rtificate . are^ 
specifically considered, in tke application 
for and the issuance of the tefltftpute of 
Site and Facility: 

(2) the state or local agency^res! 
issuing any such permit 
certificate ^ participates^' 
decision-making process as ' 
Section 4(b) of these Guidelin 

/. 

(3) the facility is designed, built,* and^ 
o'perated in accordance with * thp 
specifications provided by. the- applicant 
as inodified by any further conditions 
im'posed by the certifying agency in the 

• Certificate of Site and Facility*! 

Where standards of air or water quality established 
or approved by a Federal agency are to be applied, 
the deterrnination of whether or not a proposed 
facility will meet such standards shall be with the 
^-duly authorized State air or water pollution control 
agency,' In cases whereby und6r Fecjeral or State laws 
or regulations a permit, license, ^or certiQcate is 
dependent upon the granting of another such permit, 
license, oV certificate, the State certifying agency shall 
provide for any necessary flow of information to 
assure an orderly and timely certification process, 

in order to facilitate efficient consideratioif of 
applications for certification, each S^ate or regional 
certifying agency shall develop a consolidated 
application form, which shall be the^ole application 
necessary for ill approvals of ^late and local 
governments. All requests for further information and 
all other correspondences related tx) the certification 
shall be made only by or through fir-with the prior 
approvarof the'* authorized c^ritfying agency, 

*A11 Federal agencies with statutory Authority for 
granting licenses, certificates, or perrfuts prior to the : 
construction or operation of<a bulk po.wer facility 
shiill, to the fullest extent possible, coordinate their 
. ivities, including the time and place *6f any public 
heirings and related reviews, with the appropriate 
StJite or regional cejjtifying agency. Federal agencies 
vMh -advisory authority shall su()ply such advice 
jjmectly to the certifying a^cy'in compliance with 
its timetable. Federal' agencies shall reduce to an 
absolute minimum the inforrnation required of 
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^PPlic^^^KKte^ already presented in ithe 
consolRBteH*^^ to the certifying agency. 

Such agerft^Pjre ifet tcrprepai^e the detailed 

♦statements 1lf5(pnvi'rflmTnental impact contemplated in 
Section 102 (ttJ^Cf of the National Environmental 
Policy Act of 1969 where the certifying agency has^. 
followed a substantially'*, comparable proce^Jure. 

b. Federal Certifjrtrrg Agency - Itinhdse c^^,^ 
in which the Fed^al , certifying agency exei^cises 
jurisdiction either because of the aBsence> OTk a 
'qualified State. certifying\agency or'''upon--aljpiat' 
pursuant to Section 6(d) of theMct, the Federal- 
certifying agency shall provide a one-stop procedure 
except for license applications before the Atomic 
EnergjPCommission which shall be coordinated with 
the review of. the Federal certifying agency. Any 
other Federal Scenses or permits or approvals which 
may be required shall be considered and decided as 
an integral part of the review by the Federal 
certifying^agency. The Federal citifying agency, the 
Environmental Protection Agency, the U.S. Army 
Corps of Engineers, and any affected Federal land 
management agencies shall hold any hearing on each 
application jointly and shall fully coordinate reviews 
and approvals required by their 'respective 
responsibilites under Federal law. Other ''Federal 
agencies ^all render written advice in their areas of 
specif comRptenee with respect to enviror^mental or 
power supply aspects of the project and thevFecJeral^f 
certifying agency may depart fronfsiich advice in its 
decision only if it determines and can demonstrate 
i^hat departure is necessary to accomplish th? overall 
objectives of the certification Mjess.. 
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^ The Federal ^rtifying agency yfall -operate under 
these Quidolinds-^c^cept where they are inapplicable 
and shall develop a consolidated application form, 
except for the AEC license application, to cover all 
Federal statutory requirements. The decision of the 
Federal certifying agency shall be rendered within the " 
one-year period' after receipt of an application and, 
if not, the agency will be required to issue a 
statement explaining why it has failed to. act. The^ 
Federal certiJ^ing agency shall promulgate procedures^-' 
and schedul'** hearings to assure time for .5 final 
decision within the two-year period contemplajtfti in 
• the Ac*. The Federal certifying agency shall^ave 
• exclusiVQ jurisdiction oVer the ajjiplication applying ; 

Federal standards '<oily, as provided in- Section 5(c) 
' of the Att and sucll certificate shall supersede any* 
requirempnts of State or local law. with respe^jt to 
permit!, licenses, orf standards applicable to' ;he 
.project but such certificate shall be issued only, if 
■^J^P^deral certifying ^agency has ascertained that ^all 
^Fpderal permits, licences, or standards have 
^^atisfied or obtained* as required by Section 7 of tl 
^ Act,, Federal. standards mean standards established 
or approved %y a Federal agency. n -^^ 

SECTION, 9 - EVALUATIVE CRITERIA ' ^ 

In evaluating ^long-range plans, conducting 
preliminary siteV'- reviews, and evaluating,, the 
application for certification^ of bulk^power Supply 



facilities, the certifying agency ^hall give, 
lonsideration to the following factors where 
ilicable: * . . * 

a. Electric Enefgy Needs 
n (major emphasis of long-range plan 
reviews) 

(1) Growth in demand and 'projection , 
■< . of need. 

(2) AvaiJrfbility and desirability ' of 
non-electric a^^native sources of 
energy. ^1' 

(3) Availability arfd desirability of 
V-i altemative sojj^es of electric. pawef 

to this facility or 'to this t^pe of 
* , facility. 

(4) Promotional activities of the 
electric entity which naay- have 
given rise to,-the^ need^%r this 
facility. . ir 

. (5) ^ Socially beneficial uses , of the 
output of this facility, including its 
. use to protect 'or^ enhance 
environmental quality^ \ 

(6} Conservation activities*which could 
"-minimize the need for ihore power. 

(7) Research activities of the electric ' 
•entity or new technology available 
lo it which might minimize 
environmental impact. 



Land Use Impacts « 
(major emphasis of " preliminary 
reviews) 



site 



(1) 



(2) 



Area of land required and ultimate 
use. ^ . ^ . 



Consistency with any State and 
regional land use plans. 

Consistency' with existing and 
projected area land use. 

^' (4)' Alternative uses of the site. 



(3) 



(5) Impact on population already in 
the area: population attracted by 

: /construction ;t)r operation of the< 
facility jtself; impact of avail- 
bility of » power from this facility 
on growth patterns and population 
d^ersal.o 

(6) Geologic suitability of the site or 
• route. 

(7) Seismologic characteristics. 



(8) Construction practices. 



^ ■ 



(9) -Extent of erosion, scouring, wasting ft 
of land-both at site and as a result 
of fossil fuel demands of ihe 
facilfty." " 

(10) j; Corridor desfgn and construction 
/ precautions for transmission lines. 

(11) Scenic impacts. 

( 1 2y Effects on natural systems, wildlife, 
plant life. 

(13) Impacts on important historic,, 
architectural, archeological, and 
cultural areas and features. 

(14) Extent of recreation opportunities ^ 
and related compatible uses. * 

(15) Public recreation plan for the * 
project. 



(16)* Public facilities 
acconamodation. 



and 



Water Resources Impacts 

(major emphasis during preliminary site 

reviews andl facility certification)* 

(1) Hydrologic studijBS of adequacy of 
water supply* and impact of facility 
on stream flow^ estiiaiine and 
coastal waters, and. lakes and 
reservoirs. ^ 

(2) Hydrologic studies of impact of • 
facilities on ground water. 

(3) Cooling system, evaluation including 
consideration of alternafives. 

(4^.viIriventor]^ of effluents including 
V physic^, chemical, biological, and 
radiological characteristics. 

(5) Hydrologic studies of' effects of 
effluents oh receiving waters, 
including mixing characteristics of 
jeceiying , waters, changed 
evaporation due to temperature 
differentials, arid effect of discharge 
on bottom se'diments. 

Relationship to water quality 
^ standards. 

(7) Effects of changes in quantity and 
* quality on water use by others, 
including both withdrawal and in 
situ uses; rejatiooshp to projected 
^ uses; relationship to water rights. 



(8) Effe9ts on plant and animal life, 
inchiding algae, maaroinvertebrates, 
an^ fish population. - . / 

(9) ; Effects on unique or otherwise 

significant ecosystems; ^.g., 
wetlands. 

(10) Monitoring programs. 

d. . Air Quality Impacts 

(major emphasis during preliminary site 
, reviews and facility certification) 

(1) MeterOlogy-wind direction and 
velocity, ambient temperature 
'ranges, precipitation . valuejs, 

> inversion occurrence, otKer effects 

on dispersion^t 

(2) ' Topography-factors effecting 
. dispersion. 

•(3]i Standards in effect and.^ojected 
r for emissions, design ^capSbility to 
^ meet standards. ' 

(4) Emissions and qdnfrols 

^ ; a. Stack design 
» ' xb. '^." Particulates 

.r s,c. ..VSOx' 

. (5) Relatii)nship to preseijt and 
projected air quality of the ai;ea. 

(6) Monitoring program. 

e. Solid Wastes Inipact 
(major . emphasis during facil 
certification) 

(1) , Solik waste inventory. 

(2) Disposal program.'' 

(3) Relationship of disposal practices 
to environmental quality standards. 

(4) Capability of disposal sites to » 
accept projected waste loadings. 

f. Radiation Im^cts 

(major emphasis during pfreliminary site 
review and facility certification) 

(1) ^ Land use controls over 
' development and population. 

(2) . Wastes and associated disposal 

program for solid liquid^ and 
gaseous wastes-criteria set by AEC 
and EPA. 
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(3) Analyses and studies of ' the . 
' adequacy of engineering safeguards 

^ and operating 

^ procedures-determined by AEC. \ 

(4) . Moniloring-adequacy\of device^ 

arid sampling techniques. 



SECTlt)N'll - FORMATION 
CERTIFYING AGENCY 



OF REGIONAL, 



Noise ImpUcts 
(major^ emphasis 
certificatiorr) 



during facility 



(1) Construction period levels. 

(2) Operational levels. 

(3) Relationship of present and. 
projected noise levels to existing 
and potential stricter noise 
standards. 

' < ■. 

(4) Moiiitoring-adequacy of devices" 
and methods. 



SECTION 10 - EVALUATION OF RELATIVE 
ENVIRONMENTAL EFFECTS OF ALTERNATIVE 
SITES ANfb ROUTES , 

To the extent possible, ooly thos6 sites and routes 
meeting acceptable 'standards in relation fo the 
criteria outlined /in Section 9 of these Guidelines 
should receive certification* from: the appropriate 
certifying agency. Regularly^ however, it .will be 
necessary in or^f to mSeT" recognized electric pdwer 
needs that a site or rout« be chosen from a sejt of 
alternatives,, all of which will present some adverse, 
environmental effectsv' In- , such cases . it • will . be 
necessary for - t'he • Certifying age^nc^J^ ; tb - establish 
/priorities among fhe-eValuative critcfia employed, for 
example, in the- case of tfa'tls mission lines, the? priority 
mighr ba assigned to thtj lan^ use critena Outlined 
in Section 9 abpve; irii fhe-Gaiej>f fossil-fiti^led power 
plants the air'^quality cnterYa ' triight prevail^arid the 
water quality criteria might'pref&iil for nuclear fSants. 
Assignment of such priorities is not intended to 
eliminate full consideration of other criteria listed in 
Section 9, but merely provides guidance for the 
resolution of difticult cases where a choice among 
zflternatives would otherwise* be impossible. 



* At any time during the period' that this Act is in 
force, including the two-year period during which 
progr^ims are being established under it;'two or more 
States may Join together ,^nd apply for ^ Certificate 
of Qualification for a regional certifying agency. Such • 
a regional agency shall be subject to all provisions 
of these 'guidelines; except that in the case of facilities 

\ located entirely within one State and with no impacts 
on other' member States^ the participation required- 
under Section 5(a) of the Act may be lim°ited to 
governmental con5>0nents of that one State. It is the 

-intention of thjsu' Section tp provide rpaximum. 
•flexibility to States in the formation of multi-State 
certifying agencies under the Act. ' . . 

SECTION 12 MULTI-STATE IMPACTS 

In those cases^ where the certifying agency authorized 
' to operate in a State or region believes that an* 
application- under Consideration by the certifying 
agency, of an adjacent State or region will have 
potentially harmful effects on the environment 
within \\s jurisdiction if granted, or potentially 
harmful effects '^on the power needs within jts 
•jurisdiction if denied, it may in its own judgment 
choose one of the following means of involvement:^ 



Where it considers the harm to be of a 
major nature or conditional upon the 
occurrence of events considered unlikely, 
the certifying agency which believes its 
jurisdiction^ affected may send a letter of 
comment to the revie^ng ^certifying 
agency, of the adjacent jurisdiction^ 

Where it considers the harm to fee 
considerable and likely to occur, the 
certifying agency may enter as an 
intervenor ^the proceedings of ,the 
reviewing certifying agency of the 
adjacent jurisdiction. 




NUCLEAR POWER PLANT LICENSING 
REGULATIONS PERTAINING TO 

ENVIRONMENTAL RADIOACTIVITY 



THE CALVERT CLIFFS DECISION 



On July 23, 1970 the U.§. Court of Appeals , 
for the District o"f Columbia Circuit ruled on the • 
of the Calvert Qliffs Coordinating Comniittee, In|»,^ 
et al., petitioners, vs the United States AtomicBner^** 
Commission . and the United States of Amer«acJ^ 
respondent^. This appeal concerned an alleged failure • . 
of the AEC to implement the National Environmental 
Protection Act. The •court found . fault with the ..^ 
Atomic Energy Conunission on four counts: 

1. The procedural rules -of the .Atomic 
Energy Commission prohibit the raising 
of non-radiolpgical environmental issues 
at any hoaAg if the hearing notice 
appeared in The Federal Register before ' , ' 
March 4, 1971. \ . ■ 7 

2. The Atomic Siffety. arid Licensing Bcterd 
is prohibited • from conducting an 

' • • independent evaluation and balancing;jof 
certain environmental • factors if, other 
responsible agencies have already ^ertifjerf 
^ that their own^ environmental 'Staodafds 
^ r f are satisfied. F. 

^ 3} That the: Atomic Safety and Licensing 

§oard hearing*' need aot cover % 
environmental issues ulftess specifically 

^ raised byi outside ^parties, or ^tne Atomic ' 
/ H Energy Commissijjin. - ' * 

That the AEC ruler pro^de that^^hen a 
' cons true tidh permit has been issued prior ' 



to January 1, 1970, but an operating 
license has yet to be issued, the AEC wiU 
not formally consi(jer environmental 
factors or require modifiqations in' the 
proposed facili^ until the time ,of 
issuance of the%perati71g license. 

The Court , held that:" , ^ . 

1. Environipental issues must be considered 
at ever>^ stage o^ decision making, 
including ASLB Hearings. 

. t ^ 

2. The AEC must ^consider environmental 
issues in connection' with all licensing 
actions that took place after January 2, 

>^ 197q. y - • . 



3. 



4., 



The AEC mast evaluate and balance 
environmentaj standards even if other 
' federal oi*state agencies have certified 
that their own standards are satisfied. < 

i f - 

The AEC miist conduct a National 
Environmental Protection Act review and 
take appropriate action for cases in which 
conduction permits have / been issued 
bef^l- January 1, 1970, but for which 
operating licenses havie . not yet been 
issued.^ 



The Atomic Energy Commission did not appeal 
the Court decision and, in the Federal Register of 
September 9, 1 971 , issued new guidelines and 
regulations to meet all the demands *of the court. 



For your general background information concerning 
licensing of nuclear power plants, the following 
section of the Federal Register is suggested: 

FEDERAL REGISJERy VoL^ 36,'No. 35^&turday, 
February 20, 1971. '\t 

TITLf Iflh- ATOMIC ENERGY 

Chapter I-Atomic Energy Cdfnmission 

'*• ■ ■ . -f 

PART SO-LICENSING OF PRODUCTION AND 

LfTJLlZATION FACILITIES. 

, • ■ - ' (,■ 

General* Design Criteria for Nuclear Power Plants 

, The Atomic ^ndV|y Commission has adopted 
an amendment to its regulations, 10 C'FK.Pact^Sp, ; 
Licefising\)f Production and Utilization FacUK*'^'^"' * 
which adds aR Appendix A. "General Design Cr 

^ for Nhclear^ Power Plants. - 



V9 



Section .50,34(a) of Part 50 requires that each' 
application .for a construction permit include*the 
preliminary .design of the facility. The following 
information is specified for inclusion as part of the 
preliminary design of the facility:. 

i- Tke principal SJesign. criteria for the. 

^^adlity, ^ 
"* ^'^^^ design hasps the relation <)f the 
. / ^sign base? to 'the principal design - 

hi. ■ •Jrtipt;n\ji^on relative . tt^, materials of V 
' ^^v^i^^y..i^^TiQ^jl( arrangen^ent^ a^id 
tlie apti^Mmat^ duihehsionV sufficie;ht t©-: 
proyide'fM||jj^^ tissuranc;e *that tlie * 
• final; de^'ig^jj^gBK^^™ to 4he^ design - 
largin' fcjr. safet> 

tckar^iPower 
^^'(^.^tgBlish'' . 
^:Sign 
[Jfeifar . .' 
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$ ^|»^ Kidduiee in establishing the tmpS&it^^SftS A-'iitemJ^SS^ forv Up . . 

^gtodiMa design crlterl. for oUiw^type, ^gS^S iW&eTof prt«lp^<»e«l«ivcriurt.f^^ 

. ntfclMr power plants. Prlnclp*! de- 'orShL^l ul^uti oSS^ '»«»^' 

« alffB eHt«r)» established by .n •ppliewt foi^nSTthe^prt Sitli^^te JSSeSS ^^U'*^*?* 
.- I|n*»cepted by Uie Cominlnloa wlU be. Uon. -Ttte tnM^iiteSSljS^jt^.. S?^, ^'^^ * 

inconwrated by relerence in the «on- d«ncy and dlveraltJ or«S«£i«^i5?i Iwued by the Or?mnii»«lon Mid provide* 

etrpcuon^permlt. ri^ itfinslderlng thels- cSTpon" ts^rttS^^^^ «u»d*o«j to appUt«itrtor.«)n*trucUon \ 

«i«ce Of .n op?Ji:tih» llcen«^der J#Si^T>«So^^ ' 

P»rl M, the Commlsston^U require as- e^Sef? tiie^Zbsy^.^y^^j^g^, ffi^* '^"P** Power , 

•urance that these critert* l»»e been beenjlevel*ped or di.nn"ea ' ^ • ■ ■ 

Mtlsfled In the deUUed design tod con- (n»sConsldtr#tfon of the type alM ' -* v* ' • . • «»C' 

•trucUon or the facility and that ..any and orlenUtion of p08Blbl«.bniks in tl»^'. a. jA nejr Appendix A la added to read' 

Cbanges In such criteria are J,iutiaed. ^mponenitii>r tliii reactor jcoolant pras- ^ ''Hlpwa:'. 

_ A proposed Appendix A. ' Oenerari^. %«fboundary In determining design rer ' WniA. -'a-<i— .a.:. n,mim' ■ c»H»it tp« ' ^ 

■Igu Criteria for Nuclear Rower Plant Qalrempnts to suitably proitect, against " ' ' KwM«>«?woPL*iri« : 

Construction Permits" to 10 CPR Part Postulated loss of dStolant accldenta, ' , • ' r«hi.«/on-««.»i V 

. 60 was published In^ePEDWAiftMBTi* v*<l») ConsSeratlon pfthe poi*U^ - rrtUo/o«mt«it..A 

. (32 F.R. iqai3» on July 11. 1967. The 40^<^»t>c. noit^ ■ ■ \ ':Bnaimoow«m X: 

oopunents and suggestions received In 'U"»of #MHpdMtelement4ln'thel|ealgn ' " mwumam t ■ i- '■ .. . 

teaponag to the notice of proposed rule of the'pfotectlon svstmnii mnrt mnttY*tr Tt..ni»x r n. ■■ \ % ' 

.in»»angand.8ubsequentdevelopmenUln cadtrol <^tems: .'i,^ V^^^f SS^'T^ ^ V 

.the technology ahdlh the licensing proc- x^^ddlUon f^mt^f^i. -iJ*^ Mniii pSiuI. ^ ■ JT A .6^ 

■•S"^^^ rteS^.^"SJ*^4t$Sran^ ^^K^' 

•^•^^.T^*'"^^ prevloml^ propo6cd hltfh jrcUablBity^redulrMnenta J«. . I^%t>nin«nui;.w«i flciMit D^jgEv i. • ' 

..crrurf^ would have provided guidance i\ 5 ^xpfcted uRfc these ciWria wm/ ^ _;>4 

.-.'or »pi>hc^nt3 for construction permita be augmenl^ or changed wt^^ i. 

/ ; fo^ail types of nuclear power reqmremente relMfd to theac^^ ^ Ooi£^D«rt. , . 

revised- criteria ihave been reduced U> 55 cohsiderauSa^S^sultg&r idenllflcd anrf-"-'5«>*«ct<0v%^^» rMon Prodii • f ^ * 

: ^ in numbei-, include deflnitibns of Im- developed;,. |l. j^. ■ ' ? . < ' ' -'^ * '"^ 

* P9^J^.' ^ri"5. ^nd have bieen prearranged Pursu.aht tOitK Atomic Eflfty Act of R<>ictor iS^it^...il_Ji:::^^^^^^ 

. .|o increase their usetuiness In the 11- 1954iAs 'amended, and ftcUrtfi 552 and Rector Inbitfibt Prit^^tite^ : 

■ censing process. Additional criteria Ue- 653 of Utlf 5 of *ltfd States Code " .§«PPr«hou oi.||a^^ - • j 

. . .; •crtblflf a5)eci^c.re<j.uiremfepts on matters the followtaff^amenddraftb IMFR Pkrt ri/iT'"®'^ i^^:.. — ... ' ,§ 

•.. •covifered Jn: Vhorc general terM In the ^. publfehed as J»cuir»Kblatt to --£^2^!^*^^ 

. VPjevloi^ly pr^^^^ have- been codif^caUon ^o be pTu™?!?^^ SlI^^ Sffi^JSTDSS^**^--- H 

■ '^^i'n !^.^^ critera '-nn. categories A Publicatton in the . : ■ 

and B used to chacacl^ri^e ti>e^mountof Commlssionyinvltes*a|^lntereated pcr--^ Eiecuicai Paw«r aWm*:.. . P ^Kl'^liW^' 
. inionnation needed m Safety Analysis " sona who c4fcslrevU)#Ubmlt'^wmlen com- inapection and xWbn^ of 4»tt<MEv^^^^^ 

. Reports concerning* each criterion have niettts or -syggest^bKi in.connecUpn with Pow« flT»t«M..-^.JV...::..rjE|3^" 

been deleted since additional guidance the amendment to send tfi^otto the ' 

on the amoui>t and de.toiftpf informaUon SecreUry. U^A^ic f^ellreommis- m. P^t^tkS^ luu^itniw ^mMl'^:^ -^ 

required to be submitted by >Apl)cants Sion WasWhgton/liLC. ?0547?UtenU«- ' ^swttenSW^ H % Vi O>^*'- '-V 

. ^for fatuity licenses at the conlfcgc.tlon Ghi*. pubUc ProceedlflttBranliS^ ProUcUon By>t«a ^nc£iQiu» . 

permit sta]?e is^now included inlKp.34 ,«5 days after publicflK of tlV%oUce - "T^-r Tt Jff^iittj tfnrt^it"^- 

..of Part 50. The term ' enRlnecretSJiafety In the PgDaa/a RiciJPlrf. Such submls- . ability ^...^.'13^-^.^^.^;,.. *ii 

fefttures'Vhas been eliminated from the Bions will t>e given oon^deration witiJthe '^**ctioif?iytt«pi-'Jjw#p«i^^ 

revised criteria and the .requirements view to possible ^further aVneadmenta* 55??^'°° Byium Faiiun M)W^>-^ V33. 

fw "engineered safety fcsfture? ' Incor- Copies of eommentsjmay h^exiSilnedlr' ^ JB^^^^ i9m^* ^ hi. 

, porated In the criteria for individufil ConunJssion's PiiglE lAmei^^ l^^^nhi^' "h^^^^ 

•yrtems. »t 1717 p Street JW .Wjffl^ '^WititftrSSPS^^ 

'Further revisions of these General / W.^aMS) flOi ^Siiaeiovnyo^^ ; 

toealgn Criteria are to be expected. In the ^ rci^d.as f olk>w<T ^ ^ ^ ^t!!^:^^^^^ * 

. course of the development of the rcvisefl '5 50:34 Conienu o^f .opllcationi- '^^SSSm*?^-^ 

, were identified, but specific requirements , . i ^ J S«u«tion Jilrij^ 

related to some of these considerations J''2 J^i!'^^^^^ ^^S^ iSS^^ 

have not as yet bee« sufficiently de- Each application for a .#r, , ' ' 

veloped and uniformly appUed In the shaU Inclucte a"^relfmlnAry safeiy ^*^«''*"- ^ 

licensing process to warrant their In- JWrt The miiifmum Inftmui- Quality of Reactor QooilHPprateui# » 

cluiUon in the criteria at this time. Their Hon_59^ ^P^^V^ed shaU corfsista«?the 30 

omission does not relieve any appUcant 'o»">^n»; . - • ^ ^ |R . rnci un igM Pion of i^aotor cbou 
from 9onsldcrinR these matters In the ' • • , m ' 

design of a specie fatiUy and satisfy. (3) The preUhlinary design of ^e fk- ^n^!^ / Ooolant ^««ir. ^ 

Ing the nectary safety requirements, cility Including: ' . , iMMSloAoiantUakeup -m 

These maturs include: (D The principal design cdteriajTor ,««»W«*W«t Rfcof^i m 

Pcg^U in «u.d systen. ..^rtant U> J.------^^ ^T^^^T^ " 

' ■ '"^ . m, ^ ; , 

^^ •mmK vot 34, Mow^>,l$4rti«oAY. mtuAtr jo. itn 

, , ; - ' r>vV 
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PtnetrtftUl'B ConUlnzDent.... _ 66 

Primary Containment XaolaClon ._ 66 
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yi. Fuel and nadio^ciivitpl^iskp'ol : 

Conlrol of RtleaM of Badli^ivc Ua- 
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Fuel Otonge antf 'nandllzic and Badlo* 

actiTltj Control . 61 
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Monitoring Fuel and Waat« 8 toraff«>-» 63 
* Mo^torini^RadloacUjltT EeUaaea.... 64 

Dmoo^dpnoir 
FursQ^nt to tha pi|;?l«Sona of 160.34, an 
appUof^n for a oonltruttioa permit muAt 
'nolud4li)i| principal dielffn crltetla for a 
^facility, Tha i^dpal design crt- 
Vila ga^Ui h.ttie neceasAry. deaiffn. faMca- 
flfeflHiic!^n._>teatfbg. and perform*noe 
pt^ret. eyatema. and 
lUi- aafety; that U. 
bytteima. and componenta that 
pro^WniUonable aasurance that the facility 
can be operated without undue rijk to the 
health and' aafety of the public. 

Theae General Dealgn^ Criteria eaUblUh 
mltUmum. ^equlrementa for the principal 
deelgn criteria for water-cooled nuclear 
power planta similar in design and location 
to.ptaAts for which oonstnictlon permits have 
bien lafued by the Commission. The General 
Dwtgn Crtterla.are also consictered to benen- 
erally applicable to 'other types of nuclear 
power units and are Intend^ to pronde 
guidance tn esUbllsblng the principal de- 
. sign criteria for such otner units. 

7b« derelopment of theae Qoneral Dialgn 
prlterla la not yet completo. FOr tiaiiiple, 
some of the deflnlUoos need further amplU 
ncKUoa. Also, aome of the. specific design re- 
quirements for etnidtures. systems, and com- 
ponents Important to safety havs not aa yei 
been eultably .defined. Thdr omlaalon 4ocs 
not relieve any applicant from eonslderlng 
theee matters in,%e design of a specific facili- 
ty and aatlsfylng' the necessary safsty re- 
qulrementa. These matters Induds: 
" (1) Cobalderation of the seed to dealgn 
.kgalnat single failures of paaalT* com|>onents 
In fiuld systems Important to safety. (See 
Definition of 8tngle Failure.) 
^. (2) Consldsration of redundancy and di- 
^■;rerslty requirements for^fluld systems impcr- 
t«nt safety: A "system* could consist of 
a number of subsystems each of which Is 
separate^ capable of performing the specl- 
8ed eyifUm safety , function. The minimum 
acceptable redundancy and diversity of sub- 
systems ^ componenU wlUUn a eubsysUm. 
and Um required IntercoonscUon and Inde- 
pendance of the subaystema have not yet 
been developed or dedned. (8ae Criteria 94. 
1. SS. 41. and 44.) 



for these and 

Died ^bammt 

I umj^ tui 



. (91) Consideration bf .the type. slae. and 
orientation of possibls breaks In components 
of .the reiactor toolant pressure boundary In 
determining daiign requirements to eultably 
protect "bgftlost postulated loas-of-coolant 
aocideata. (8ee Definition of Loss of Coolant 
Aoc^deata.) 

. . (4) donsldaratlon of the pocsiblUty of sys- 
.tematlc. nonrandom. concurrent failures of 
rsdundant elsmants in ths design 'of protec- 
tion systems and reactivity contPoi systeme. 
(See CrlUHa 22. 24. 26. and 29.) 

It Is Sipected: that the criteria wUi be 
Augmented and changed from time to time 
.as Important nSw requirements for these and 
other featurea are developed. 

There will be soms water-cooled 
power plants for«. which the Geni 
Criteria are . not eufflcient and 
addlUohal criteria must be ldcntlfi< 
Ufied in the^ntereat of public safety. In par- 
ticular it la Expected that addltlorial or dU- 
ferent criteria wlil be ^e«le<t to take into 
account unusual utea and environmental 
conditions, and for water-cM>Ie<l nuclsar 
power uniu of advancwl design. Also, there 
may be water-cooled nuclear power units foe 
which fulfillment of eome of the General 
X>eslgn Criteria may not be nsceysry or ap- 
propnau. For plants such as thsee. depar- 
turea from the General Dealgn CrlUria must 
be Identified and justified. 

h Diy|irrnoice AKO HFLAMATtoife 

NueUar'%iwer ui^i, A nyclear power unit 
means a Nuclear power reactor and associ- 
ated equipment necessary for tiectrlc power 
generation and Includes those struiiurss. 
systems, and components require^ to provide 
reasonable assurance the facility can be oper- 
ated without undua risk to the health and 
aafety of the public. 

LoM of coolant oeeidmtM. Loa^of coolant 
accidents mean thoee postkUlated accidents 
that reault from the loss of reactor coolant 
at a raU in excees of the capability^ of the 
reactor coolant makeup eystsm fhxn breaks 
In ^s reactor <7oolant jjreesure boundary, up 
to and IndudUkg a break aqulvaient^n slse« 
to the double-ended rupture of tha largest 
pipe of the reactor coolant systems 

SingU failure: A singis falliue means an 
occurrence which reeults In the loes of 
capability of a component to perform its 
Intsnded safsty functlozxs. Mult^pls failures 
reeultlng from- a single occurrence are oon- 
sldered to be. a single failure. Fluid and 
electoie systems mn considered to be de- 
eigoed against aa assumed sln^ failure- If 
neither (I]f a 'Ungia failure at any acUve 
component, (assaml^g passlvs oomponsnts 
function properly) nor (2) a single failure 
of a passive aompopent (assuming aetlva 
components fuiiTcUon properly), rsaults la ^ 
Mas of ths capability of the eystem to per- 
form ila skfety fuactloos<* 
^ AaMclpated opcratfofial oceurrtnctM. Aattc- 
ipatad operational r occurrences mean thoee 
conditions of normal operation which are 
expected to occur one or more times during 
the life of the nuclear po#cf' unit and include 

but are not limited to loas of ^rwtf to^all l#^ce. Ustlng. and pp4U 
recirculate puihps. tripping of the turbine xljiditig k)es-of-cooliiit 

geaerator set. laoUUoa of thv. main con ^ ^ 

deaaer. aad loaa of aU offstu pfmpr. ^ 
k- ' / 



> Farther detaUs reUUag to the type, sis^. 
and oneatatioa of poetulated breaka^ln 's^e- 
dfle components of the reactor coolant pres- 
eure boundary are uader developme&t. 

•aiagle failures of passive ooiapoaents ilii 
slectrtor systems should be assiimsrt la 
designing agaiast^ a •single failure. The con- 
ditions uadsr which a single failure of > 
passive aottpQiMmt la a fluid sysUm should 
be coasld«t»d la destgidag the ayetem agalnet 
a slagle faUuia. ara under development. 



^ ^. owrall Jteqairemaafs 

CrUfriofi l«ip-4pMaKf|r rfsMards and records. 
8tructur^/ systems, and .components Im- 
portant ^tiiafety el\an be designed, fabri- 
cated, sn^ ted. mad tea\adi to quality stand- 
ards commcnitirate ii^th the ImporUnob of 
the safety^ notions to be performed. Where 
generally recognlcM codec an^etandards are 
used, they ehaii be Identified >and evaluated 
to determine their apiAlcabUlty. adequacy, 
and BuOlclency and shall be' supplemented or 
modified as ne ce ssa r y to assure a 'quality 
product in keeping with the required safsty 
function. A quality aasurance program shall 
^ eitabllshed and implcraented In order to 
Tovide adequate assuran ce tha t these etruc- 
tures. systems, and coia]55ncnU wWX, aatla- 
ractorlly perform thev safety functloaa. 
Approprlste records ofltbe design, fabrica- 
tion^ erection, and testing, of etructures. sys- 
tems, and components important to safety 
ehail toa maintained by or under the control 
or the nuclear power unit Uceifee throilghout 
the life of the unit. * i 

CHterion S^Dttign boats for protection 
against natural ^phenomena. fitructurM. eye- 
terns.'* and components Imporunt to safety 
shall be designed' to wlthaUnd the effects of 
natural phsnomena' such as eerthquakaa. 
toraadoee. hurricanea. floods, tsunami, and 
seiches without loss of capability to perform 
their sarety functions. Tbe design bases for 
these structures, systems; and components 
shall riflect: (1 ) < Appropclata coneideratloa 
of the jnost eevere of the natural phenomena' 
that have^bcea historically reported for the 
eltefand surrounding area, with eufllclent 
margin for the limited accuracy, quantity, 
and period of time In w^ich the historical 
data have been accumulated. (2) appropriate: 
combinatlone of the effects of normal aad* 
accident oondltlons with the effects of ths 
natural phenomena and (3) the importance 
of the eafety functions to be performed. 

Crittrion 3 — Fira protection, fitructuraa, 
eyeticms. and oomponents important to aafsty 
shall bs designed and located to mlnlmlae. 
consistent with other safety requlramaata. 
the probability aad effect of fires aad ai- 
ploalona Nonoombusilble and heat reelstant 
aiaterials .ehall be used wherever practical 
throughout the uait. particularly in loea- 
tloDs such as the ooatalnment and oontrol 
room. Fire detection and fighting systetna 
of appropriate capacity and capability aball 
be provided and designed to mlnlmlae. the isd- 
verse effecta bf flree on atructures) syHam. 
and components Important to safety* Flra- 
flghting eystems shall be deeigned to aasuia 
that their rupture or tnadvertant opsratlkm 
doea not' significantly Impair tbe safsty capa- 
bility of these structures, systems, and 
•oompoaanta 

Criterioii 4^Xnvironmentat and migMitadO' 
tign bases. Structures, systems. Iilnd oom- 
pHpnsnts important to yafsty shall be designed 
to aooommodau the ejects of ^d to be o6ib- 
patible with, the envHonmental condltlocis 
associated with normal operation, mafntt- 
ppituUted accidenU. In- 
9liiit accidents. Tbaaa 
structures', systeme. and components shall ha 
appropriately projected against dynamlo af- 
fecte; including the effects of mlssiies. plML 
whipping, and diacharglog fluids, that tJm* 
result from equipment falltiree and t»m 
events and condltlona 6uti||de the nuSbar 
power ttaic ^ 
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ENVIRONMENTAL IMPACT EVALUATrON QF THE^PtANT SITE , 

All power plants^'wUl have some effects upon the environment *These ^^^^^^^^V ^^^^ positive j^d 



negatiw. \ ■ ' ' ' > 0^*'-^ 



In order^to evaluate this impact S new. plant v^Jj^ the immediate environment* both short-term 

and. long-term, inonitoring, programs should pre ced4pbn struct ion by several years and continue through site 
preparation* plant construction and operation. These monitor^ pit^rams can be divided into the following- 
categories: . ' , , . ' / 



A. MEASUREMENT OF THE EXISTING CHARAeTERISTICS (PRE -CONSTRUCTION) 

environmei 



This pro§jpm will establish a reference framework (bSVe-line) for assessing Subsequent environmental 
effects on each activity. ■ ■ " , . ■ -^i^V^ 



Surface Waters ' 

a. physical and chemical parameter 
V sampling 

b. ecological parameter sampling 

Ground Water 

a. physical and chemical parameter 
^ : ^ampling 

b. ground wat^r modeling'' 



3. . Air 



a. dispersion ^of water vapor data 

b. type and amount *of^ dissolved solids 
and particulates carried by droplets 

c. gerreral meteorologic data 
,d. • meteorological modeling 



4. * Land 



a. geologic data collection 

-b. sftil data collection 

c. land use and demographic^. surveys 

d. ecological surveys * 



'5. Radiological Surveys- $ ' 

OPERATIONAL MONIT0RING^|*R0GRAt^. 

1. Radiological' iponitoring 

a. / ^m-plant monitoring system jfft 

b. <^ environment monitoring ' 'y'' ' ' 

2. Chemical effluent monitoring % • 



3. Thermal effluent monitoring 

4. Meteorological monitoring . 

5. Ecological 'mor^itoring 



The initial monitoring programs provide the base-line data needed to prepare an environmental report . 
required from ar\y company proposing a ^ew plant. This requirement may be both^ federal or state or both. 
Within the fe^deral government; the basic legislation is-in the National Envirbnmerttal Poli^ Act of f969. Today, 
-many interstate basin commisl^ons and individual states also have laws and regulations that demand environmental 
reports from companie^f;' pl^nfiing any ne>Afc^*acility that ^ may have an Adverse effect on the quality .pf the 
environment. • , , ^ ■ * 



! 



In Pennsylvania, for Qxample, it would, be virtually inapossible for a new electrical generating plant to be 
built without the preparation oj such an environmental report and subsequent environmental impact statenient. 

After a com'pany subrftits its environmental report, the requestlYig auOiority prepares an environmental S|tpact - 
statement In the case of nuclear power plants, this statement is prepared by tlijs Directorate of ticenrfiig of 
tha-U^. Atomic Energy Comrpission, whereai for other types of power plants, the statement is written by the 
rppriate basin 'commission or,, in some cases, by the company itself. 

'Environmental. 



• , w ^ follpvJ^ine subjects are .always, addressed in an^enyiroritnental report and evaluatexl in the 
ImpaH StatemehnEIS)/' - V 



Existing Site Environment 
, Site Location , \ « 

. A detailed contour map showing ^HdXe, county, and 

smaller political subdivisions; pSnt perimeter; 

exclusion area boundary (nuclear plants): utility.. 

property; service area- water bodies; all towns and 
, cities and ^ize; pubjic facilities; and. transportation 

networks. *' ' » 

• , ^. 

Regional Historic and Natural Landmarks 

. This should .include a brief discussion of any historic 
or natural significance of the site and surrounding- 
area. This would include any that are' mentioned in 
the "National Register of Historic Places'^ and the 
'National Registry of Natural Landmarks'' as well as 
all state and local historical societies. All 
archaeologically significant areas would also be . 
included. 

. Geology 

Major geological aspects of the site and vicinity 
should be described; should include; soil, rock types, 
faults, seishiic history, regional radiological data. 

Hydrology 

Physical, chemijcal, and-hydrological characteristics of * 
surface and groiind waters; field tests on an adjacent 
Bf^'d to the site; monthly and daily summaries of 
important parameters such as temperature, floW rate, 
water table height, c.hemicarl stratification, and 
circulation patterns. " s. : . 



Thj^ Plant . : 

Externs^^ AppearahCi^, 

The buildings profile ^should, be illustrated. Efforts 
should be made to make the structures and gr^^ds 
aesthetically pleasing. Jhe location- and eleval|^Bjf 
release points for fiquid and gaseous w^astes shSffi 
be indicated. ' 



diagratn should be; 
use shguld be; shown. 



Meterology " » 

. Data on site must include: diuThaj and monthly 
averages and^^ej^tremes lof temperature .and humidity, 
wind characteristics, -^ficipitation^ data, frequency 
'and effects of high velocity wind storms. . 

/ Ecology ' . * 

Identify important local . flora and fauna, their ' 
habitats and, distribution,' and relationship between^ 
species. PrerCXisting environmental stresses should be 
defined.- ^ ^ * - ^ 



yPlant Water Use 

A* 'quantitative. water-i6'e 
presented* Total cons\imtive 

Radwaste, Sanitary, and Other Waste Systems 

Include flow diagram of waste systems 'showing 
origin, treatment, and disposal of all solid, liquid, and 
gaseous wastes generated. 

. Chemical and Biocide Systems 

Describe chemical additives, corrosiorf products, 
.waste streams or discharges from chemical processing 
and water treatment that may enter the' local 
environment as a result of plant operation.- 

Transmission Facilities > 

contour map or aerial photos should show 
t^rbpQsed rights-of-way and * existing substations, 
lengths and widths should be specified, access roads, 
land-use adjacent to right-of-way, * construction 
^ -changes to land needed, underground construction if. 
any* and the type* color, and visibility of transmission 
structures from frequently traveled public roads. 



ERIC 
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Environmental Effects of Site Preparation and Plant 
Cons^ctioh _ 

The construction of *a power plant and related 
facilities w^l inevitably effect X\\q envirpnment. Some 
. of these eifects will be adverse. This p^rt'of the 
Environmentai Report-' would include a descciption 
.of the anlScipated effects. . * . 

^Effects of Site Pfep ^nd Construction on Land Use 

This would include a description of how construction 
activities may disturb the existing- terrain and wildlife 
habitats. Al^ included are those effects^that would 
be beneficial, as, for example, the use of Qxcess sQil 
♦ to create playgrounds and other cecreatlonal facilities, 

t . ' ■ • ■■ 

•V' • - I- 




' Effects of Site Prep and Construction on Water Use 

*.* ■' . . . •'^ .■ 

This should be a description of |;hd impingement^of 
site preparation and construction activities on lakes, 
rivers, and/o/ groun(J water, \ . 

Transmissidti Facilities Construction 

• ' • 
Includes the effects of gonStruction- and installation 
. .of transmission line towers aatiTacilities on the land 
and on the^eople. - >" ' ' 

Resources Committed ^ - * , 

\;'^>*' ■ .\. 

• ^ A discussion , of any irreversible and irretrievable 
/ commitment]? of lapd, flora and fauna which art 
. . expected, if construction and opejati6n of the ^ilant . 
should become 'a reality. - 



CHAPTER 9 
ENERGY CONSERVATION 



Onlil recent yeait,'. energy >as cheap and 
abundaot in the 4|^ted States and there seemea^no 
need for conservation. But matters have changed 
drastically, particularly since the Near Eist embargo 
on oil exports. Conservation of energy resources, 
which mean^'making the best and wisest use of these 
resources, was forced ori the American public^ We 
' are urged to conserve ga3oline, natural gas, fuel oil 
Viand electricity.^ 

/"^ Increases in the price of these prcyflucts havejr 
helpfed promote coQseivation, and there'have been' ^ 
sorfie short?erm savinjjs in energy. Obvious measures, 
such as .cutting" d;own on display lightings rd'diibing 
thermostat settings' i«. winter and reducing driving, 
h'avt' .helped cut i^^r^ usel 

v-v; . ■ . t . ■■" ' ■ ■■ . 'A 

A We can consider two major thrusts in ^the area 
of energy conservation. One is the research and 
developmenl' programs *being carried out by 
governfnent agencies^ utilities, , and industries in an - 
effgrt to make better use of energy resources. The 
other is the awareness that each of us as consumers 
should have of ways in which we caCh conserve'energy. 

■ , ■ ^ • 

.A major examjble of research in conservafion 
ffechriology is Jhat being carried oqt through the 
National Cons?fva]^on Research, Etevdopment and 
Demonstration Programs * funded Sic6ugh ERDA. 
Som^ of the aAnis of these programs are as, follows: 
improving reliability and cutting energy losses in 
electjical distribution systems;' developing methods , 
for energy storage; assisting industry' in becoming 
more efficient in their use of energy; developing uses 
for , waste heat; developing economically feasible 
methbds of decreasing energy loss from' existing 
buildings; djsvelopiag improved designs for new 
buildings to Reduce energy consumption; 
di§s(;minating information on the energy efficiency^ of 
appliances; and encouraging industry to develop more 
energy-effici^t products. 

There are many things we can do in our homes 
each day to reduce the use of energy. Heating and 
cooling systems are the greatest, energy users in our . 
homes. There ar« many ways to siave on energy in this 
area. The first is adequate insulation. |Since,the 
greatest amount of heat loss or gain is usually through 
the roof, proper, attic inailation is a musjt.* So is 
insulation in outside ai^alls^vand in, .floors covering 
unheated arp^s.' Weatherstripping, c&ulking and storr^ 
doors and Windows also help to keep heat loss atra 



winter and a dehumidifer in the summer may help 
savfe energy in the long run. In the winter,, the air 
frbm an electric ^clothes dryer'can'be vented into tl^e 
house to^add warmth and moisture.' The proper use 0f 
lined or insulated drapes Can help control a home's 
temperatu|"e. 6n sunny winter days, they should te v ' 
opened to kt th^ sun. help warm the house. * ' 
Otherwide, tK^y sfioUld be closed injkvinter. On sunny , 
. summer daysj^he drapes should be closed to keep the 
sun out. If possible, unused rooms' of a home should 
hot be heated or cooled. Air conditioner and heater 
v^ntspj outlets should not be obstructed byYumiture 
gr,. drapes. Heating and cooling equipment should b'e 
Kept clean ind properly adjusted to operate more 
efficiently. 

Heating water usually' consumes the second 
largest amount of energy in our homes. There are 
several ways to jeduce energy requirements in,tiiis ^ 
araa. In buying a water Jieater, choose one with hi^ 
efficiency and good insolation. Get only the size ' 
needed, since too large a tank wastes energy. Try to 
. place the water heater as near as possible to the major 
areas ,of hot water use to minimize heat loss in the ' 
pipes. Do not set the thermostats/higher than 
necessary and use hot water only, when necessary for 
laundry arid drshwashing-^ool or warm' water can 
often be substituted. Eliminate leaks in faupets, 
particularly hot W&ter leaks. 

Proper use of home appliances can further cut 
energy use. For example, open and close refrigerator 

. and freezer" doors only when necessary. Use the 
smaller burner and smaller oven irl the. kitchen rarige 
^whenever possible. Wash only full loads in 
dishwashers and clothes washers. It may be possible 
to eliminate the drying cycle^^ on, the dishwasher by , 
simply opening the door when the wash cycle is 

i finished and-] letting the hot dishes air dry. Save 
energy by always turning off lights she n' leaving a 
room-even if only for a few minutes. IJse fluorescent 
lamps wherever possible, since they use much less 
energy than incandescent bulbs for the same amount 
ofli^t. : . • 

As we, have* seen, electricity cannot be 
efficiently stored^ but must, be geneiftted as needed. 
Thus, utilities must be equipped to generate enough 
^electricity to meft peak demandsy.evfen thodgh much 
of the equipment is not rieeded at^other times. So, 
it IS helpful to use electricfll power w^cn demarid 
is low. The ''peak times 'are between 5 p.m. arid 8 
p.m7 in winter and between 1 p.m. and 5 p.m. in 
summer. There is .even- talk of . charging* less for 



mm^mum m . winter. Du>ing winter^ a maj^rn . electric] 

davHSpfje tempebt^re of 68 degree^ is recojpfflendea. .^; ^^case with long-distarice phone calls. • ' - 
Tni3 should be sfvefial degrees lowel- at liight d^fi X'^ 
when you are away for a while. During thejsumn^r, 



78 degre^ is a comfortable temperatj^re. Since high 
humidity ^makes us feel warmer, a huhffdif|er in the 



3ng-di: 

Various consumer^ grt)ups have, calculated that 



home consumption of energy could be*reduced;|(y 
45 per cent *by common-sense avoidance of wasteV- 



There is sirapiy not eiough energy to go around ' 
at the rate we are now ushg.jl*. We must find ways 
to reduce, consumption andinqJce the be^.t use of the " /• • 
resources we have. In doing thijj, we must remember . I ' 
that we are not the last generati(^l)|i of^ people on earth. 
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EFFICIENCY OF ENERGY USE IN THE UNITED 
'STATES, Eric Hirst and John Meyers, Science, March 
,30, 1973. • 'V . • > 

^ Conflicts between the demand for energy and 
environmental quality goals can be resolved in se^ral 
ways. The two most important are (i) development 
and use of pollution control technologies^ and of 
improved energy-conversion technologies, and (ii) the « 
improvement in efficiency of energy use. Increased 
efficiency of energy use would help to slow energy 
growth rates, thereby relieving pressure on scarce 
energy resources and reducing environmental 
prob)ems associated ^tlf energy ^production, 
conversion, and use. • 

between 1950 and 1970, U.S;consup^ 
energy resources (coal; oil, natural gas, fauing water, 
and uranium) doubled (1), with a average . annual - 
^owth rate of 3.5 per cent-more than twice the 
population growth rate. 

Energy resources are used for many purposes 
in the United States (2) (Table 1). In' 1970, 
transportation of people and freight consun;ied 25 per 
cent of total energy, primarily as petroleum'. Space 
heating of honies and commercial establishment^ was 
the second largest end-use, consuming an additional 
18 per cent. Industrial uses of energy (process steam, 
direct heat, electric ^drive, fuels used as. raw materials 
(3), and electrolytic processes) accounted for 42 per 
cent. The remaining 15 per cent was used by tbe 
commerical and residential sectors for water heating, 
air conditioning, refrigeration, cooking, lighting, 
operation of small appliances and other 
miscellaneous purposes. 

During the 1960's, the percentage of energy 
consumed for electric drive, raw materials, air 
conditioning, refrigeration and electrolytic processes 
increased relative to the total. Air condlttoninjg 
showed the largest relative growth, increasing its share 
of total energy use by 81 per cent, while the other 
uses noted increased tbeir shares of the total by less^ 
than 10 per cent in this period. / 

The growth in energy consumption by air 
conditioners, refrigerators, electric drive, and 
electrolytic processes-coupled with the substitution 
of electricity for direct fossil fuel combustion for . 
some space and water heating, cooking, arid industrial 
heiat-accounts for the rapid growth in electricity 
consumption.' Between 1960 and 1970, while 
consumption of primary energy (1) grew by 51 pe^ 
cent, the use of electricity (^ grew by 104 per cent. 
The increasing use of electricity relative to the 
primary fuels is an important factor accounting for 
energy growth rates' because of the inherently low 
edfipiency of .electricity generation, transmission, ahd 
distribution which avefaged 30 per cent during this ' 
decade (1,4). In 1970, electricd generation (1) 
accounted for 24 per cent of energy resourpe 
consumption as compared to 49 per cent in J960. ^ 



Industry, the largest energy user, includes , 
manufacturing; mining; ^4 agriculture, forestry, and 
, fisheries. Six manufacturers-of primary metals; of 
chemicals; of petroleum and coal; of stone, clay, and 
glass; of paper; and of food-account for half^of 
industrial energy consumptionr(5), equivalent to 20 
pe; cent of *the total energy^udget. v y 

Energy consun)ption is determined by at least 
three factors: population, affluence, and. efficiency 
of use. In this article We describe three areas in whidi 
energy-efficiency improvements (the third factor) 
might be particularly important: (i) transportation of 
people and frcdght, (ii) space heating, and (iii) space 
cooling (^ir conditioning). , ' ' 

/ ' ' . ^' • ■■ \ 

^ Eii^gy efficiency varies 'cbnsiBerably arnong 
' the different passenger and freight transport modes. \ 
Shift; from energy-intqnsive modes (airplanes, trucks, 
automobiles) to energy-^Hicient ' modes (boats, 
pipelines, trains, .-buses) -could $igni|(cantly reduce • 
energy consumption. Increasing th< amount of 
building insulation could induce both i space-heating 
and air-conditioning energy consuihp^on in homes ' 
and save money for the homeowner; Energy 
consumption of air conditioning could be greatly 
reduced through the use of units thdt are more energy 
efficient. > ^ » 

Transportation * v 

• Transportation of people and goods consumed 
16,500 trillion British thermal units (6) in 1970 (25 
per cent of total energy consumption) (1). Energy 
requirements for transik)Vtation inc^-eased by 89 per 
xent between 1950 and 1970, ah average annual 
gro'wth rate of 3,2 per cent. 

Increases in transportation* energy consumption 
(7) are due to (i) growth in traffic levels, (ii) shifts 
toward the use of less energy-efficient transport 
modes, and (iii) decUnels in energy ^efficfency for - 
individual modes. Energy intensiveness, the inverse of 
energy efficiency, is exprc^d here as British thermal 
units per ton-mile for freight and as British -thermal 
units per passenger-mHe for passenger traffic. 

, Table ^S^how^ approximate values (8) for 
energy consumption aiid fv^rage revenue in 1970 for 
intercity freight modes; tfie large range in en^igy^ 
efficiency among mofles is noteworthy. Pipelines and 

'waterways (barges and boats) are very efficient; 
however, they are limited in the kinds of materials 
they can transport and in the flexibility of th^ir 
pickup and delivery points. Railroad|s are slightly less' 

* effici^t than^'^ppelines. TrticlQ, which are faster and 
m<^ flexible than the precedng' three modes, are, 
rwpcct to energy, tonly 'one^ourth as ^^^cient 
as ^iSfoads. Airplanes, the fastest mode, are only 
1/60 as efficient as trains. 

' The variation in^freigbt prices shown in Table 
2 closely S imallels. the variation, in^ energy 



intensiveness. The increased prices of the less efficient 
niodes reflect their greater speed, flexibUity^ and 
r,eliability. * ' 

Table 3 gives appitximate 1970 energy and 
'price data for various passenger modes (8). For 
iitercity passenger traffic, .trains ^nd buses are the 
n|os{ efTiQient modes. .Cars are less than one-half vas 
efficient as buses, and airplanes ^are cmly one-fifth^as 
' efficient as buses. ^ ' * ^. \ 

. For urban passenger traffic,, mass- transit 
systems (of which alput 60 per cent are bus systems) 
are more than iVice as energy efficient ,4$ 
automobiles. Walking and bicycling are an order of 
magnitude more efficient than autos, on the basl^-of 
energy consumption to produce food. tJrban values » 
of efficiency for cars and buses are much lower than 
intercity v^ues because of"* poorer vehicle 
' performance (fewer .miles per gallon) and poorer 
utilization (fewer passengers per vehicle). 

• ' ^ - ■ ^ ■ '• . ' . ' ^ 

Passenger transport prices are also shown in^^ 
Tablfe 3. The correlation between energy intensiveness^ 
and price, while p^itive, is not asstrong^sfor freight^ 
transpo^. /Agmn, the differences in; price reflect^^ti^' 
increased values of the more energy-intensive mods^a^:^ 

The ttaasportation scenario for 1970 shown Jn 
Table 4 gives energy savings that may be possible 
through increased pse of more efficient modes. The 
first calculation uses the actual 1970 transportation 
patterns. The scenarip-entirely speculative*-indicates 
. the potential energy savings that could have occurred 
through shifts to mpre efficient transport modes. In* 
this -4iypothetical scenario, halfithe freight traffic 
carried by^ truck ^nd by airplane is assumed to, have 
been carried by rail; half the intercity passenger 
traffic -carried by airplane and ont-third the traffic 
carried by car are assumed to have been carried by 
bus and train; and half the urban automobile traffic 
is assumed to have been carried by bus. ^ The load 
factors (percentSige'of transport capsicity utilized) and 
prices are .assumed to be .the same for both 
calqulaflpns. The scenario ignores several factors thaf^. 
nii^t^^inftibit ..shifts^: J energy-efficient transport 
modin'such as easting '^and-use patterns, capital 
costs,^Bianges in energy efficiency within aT given 
mode, substitutabkity among modes, new 
^technologies, traiT^oriation ownership patterns, and 
-other institutiona|^lrrangements. 

^The hypothetical scenario requires only 78 per 
deqt a$ tni{ch energy td 'move the same tragic as does 
the .dctud calculationi||1^ of 2800 trillion 

Btu is equal to 4 l^HK^yPf-'the total 1970 energy 
1;^udget: The scendHB^ results in a total 
transportation tost, Irainfe .S 19 billion less than the 
actual 1 970 co*| (a 1 2 percent reduction)^ The dollar- 
Savings (which includes- the energy saved) must be 
^ balanced -against any losses ia speed, comfort, and 
i flexibility* resulting- from'a sHp't to anergy^fficient ' 
modes. ^ 




To some extent, th^ cur rent nux of transport 
modes is optimal, chosen in response to a variety of 
factors: However^ noninternalized social costs, ?uch 
as noise anjd air pollution and various government 
actiyitieslttegulations, subsidization, reseajjch); may- 
tehjl to distort the mix, and, thejefore, present mpdal 
pal^rns^pniay not bf soci^ally optimal. 

^ Present trends in modal mix are deterrnined by* 
persort^al preference, private economics, convenience, 
speed, reliability, and government policy.' Emerging 
factors such as fuel scarcities, rising energy prices, . 

^dependence on petroleum imports, urban lao*4-use 
problems, and ^^vironmental quality considerations 

•may provide incentives X% |hift tran^rtation 
patterns toward gteatfer enet|y efficiency. 

Space Heating w 

The largest single enfergy consuming function 
in the home is space heating. In an average all-electric 
hoipe in a moderate climate, spacejic^ating uses over 
half the- energy delivered to the* home;* in gas- or 
/;oil-heated homes, the fraction is probably lac^r 
; because the importance of thermal insulation has not 
^^^een* stressed where these fuels are used. ;^ 

I^e "nearest approach to a national standard for 
thermal insulation in residential construction is 
"Minimum Propertv Standards (MPS) for One and 
^TwQ Living Units ' issued by the Federal Housing 
Aditiinistration (FHA). In June 1971, FHA revised 
the MPS tp^require ,more insulation, with the stated 
objectives -of reducing air ponution and fuel 
consumption. . , * ^ 

, A recent study (9) estiihattd the value of 
different amounts of thermal insulati(>|i in terms boith 
of dollar savings to the homeowner jmd of reduction , 
in energy consumption. Hypothetical model homes 
(1800 square feet) w^re placed in three climatic 
regions, each representing^ one-third of the U.?. 
population. The three regions were represented by 
Atlanta, New York and Minneapolis. 

, ., , ■ . , \ 

As an example o^ the findings of the study. 
Table 5 presents the results applicable to a New York , 
resideijfe, including the insulatiop requirements of 
th6 unff^yised^and th6 revised MPS, the insulatipn that 
yields ™ i^aximum economic benefit to ( /the 

^ homeowner^ , and thp 'inonetary and energy savings . 
that result in^Qach casei The net monetary savings^' 

'are given after^ecovery of the cost of the insulation 
instdlation, and would be realized each year oC th6 ■[] 
lifetime of tne home. A mortgage interest rate of .7. : 
per cent was assume*d. . ^ 

The revised MPS provide appreciable sayings in 
energy consumption .and in .the q;os^jf>f. heating a 
residence, although more ins^atibn'^j| laeeded to; 
minimize the long-term cost t^ th^ h^|^oWneir, A.' 
further increase .in insulation ^teqii^^hts would 
increase both dollar and energy, savjng^ 

• ^ <wA 




^^i|The total eiiergy consunjptiori bf the United { 
_ Jtes'<l) in 1970 was 67,000 trillion Btu, and about K 
fWj^r cent was devoted to' residential space heating'?' 
iind 7 per cent to commercial jpace heating (2). Table 
5 ?ho^, reductions In energy required for space 
, hewing per cent^or gas-heated homes and 47 



Heat pumps are not initially expensive when!' 
instaHed.in conjunction with Central air conditionipg; 
the basic equipipient anji air handUng systems are ' 
same for both heating and cooling. A niajor 
impediment to their widespread use has been, high • 
i^iaintenance cost associated with equipment failure. 



.per cent fpf electric-heatBd homes in the New York. Several manufacturer of heat pump»have carried'but 

area' by gding from the MPSnrequired insulation in — *— ^ — *^ : -...^ ^ — 

19.70, to. /the economically optimum, amount .of 
iiisulation; lilie nationwide average reductions are 43 
per cerit for gas-heated homes. amd 41 per cent for 
electric-heated homes.' An averagp savings of 42 per 
^cent, 'iapjiUed to. the spacei' heating 'energy 

* requirements for all residential liFiits (single family 
and 'ajjartment, •gas and . electric), * would have 
amounted to 3,100 trillion Btu iif 1970(4.6 per cent 

totali energy consumi/tion). The energy savings are 
sbme^hat .upderstated^as insulation is added, the 
he^t from 'lights, ^stoves^ refrigerators; and other 
yapplianqes becomes^ a significant part of the total 
lieat required. The^ use of additional insuldtjon also 
^•reduces the energy cort sumption for air conditioriing 

* di^ .discussed' later. . I • ' 

Electrical resistance h^atii^g \% more wasteful of 
primary energy «than is direct iC«mbustidri heating. 
The'ih^erage efficiency for electric power plants^ (1), 
fn the United States is. about 33 per cent, and the 
efficienc^^ X4) of transfnittingjand djstributing the 
poyer' to the cuistomer is abc^ut 91 per cent. The 
end-use efficiency of el&ctrical resistance heating is 
100 per cent'; so the * overall, efficiency is 
approxihatply 30 per cent. Tljus, for every unit of 



3,"units of heat must 
at the poY^pr plant. 



heat, delivered in the home, 3 
be extracted from the fuel 
Conversely, the . end-use eftjfciency of\xgas-^^ 
oil-burning home "heating systeinaji's about 60 
(claimed values range from [40 to ^0 per 
meaning that '1.70 units of h^at muse extr ^ 
from the fuel for each unit delivered to the If 



^ai'ea of the home. Therefor^e, 
home requires about twice as 



the electrically 111 
miichvfueli per lir^l^'tif 



heat as the ga§- or oil7hea\ed home, .assyiriing 




equivalent insulation 



Tlie debate about' whether^ ^s, oil, or 
electriC7resistance space heatmg i$;^^'JJ)ettei; from a 
conservation point of view may^sopn be rtipot 
because of tl^e ^fiortage of natural ga^^and petroleum. 
The use of electricity generiLed by nuclear plants for 
- this purpose can bp ar^wflo be a more prudent 
use of resources than- is the combusjtion*of natural 
gas or oil for its energy* content. Heating . by 
coal-generated electricity ma> also be preferabje to 
heating by gas or oil in that a' plentiful resource is 
used and dwindling resources are conserved.. 



extensive^ prograrng. to improve Jtemponent reliability 
that, if Successful, should impro^ gcceptanfce hy^ 
t hoipeowners. * ^ . » . ^ 

Space Cooling \ \ i 

V In aH'-electricHwmes, air conditioning^ ranks , 
third as a' major energy-consuming function, behind 
Space heating an(| water heating. Aff conditioning js'^ 
partiq\riarly iniportajit because it contributes to or* 
*is the ca*ise of thjcTannual peak load that*. occurs in 
the Summertime tor many utility systems. 

Tn addition tQ,.re'ducing the energy required Cpr 
space heating, th^ ainple use of thermal insulation; 
reduces the ^ergy required for air con.ditioning. I^j 
the NewVork use of the economically optimum 
amount of insulation re^ts in a reduction of the 
electricity consumed for^'afr-conditionin^ of 2(5 per 
\ent for the gas home. 0P'*l8^per cent f&i* the eljectric 
home^ compared to the 1970 MPS^pmpliatice ho^nes. 

Th^'^pularity^ of rooin air /conditioners is 
evidenced by an exf)onential *salei grOwUi with a 
doubling time'of 5 years over the past decaide;, almost 
6 million were scjfld in 1970. Th^ strong'grbwth irt 
• sales IS expected to continue since industry statistics 
show a market saturation oPonly ^bout 4Qiper cent. 
. ; ■ 1 ■;■ ■ ' ^ - , ■ - ■ \ 

there are about 1,400 rrtodels of room air 
co^idiUoners available on the fnarket today, sold' 
under 52 diifferent brand names (10). A characteristic 
.of tffe,^ machines that varjes widely but i^ not 
-npmraiy advertised^ is the jefficiency with which 
N^n^gy is converted to cooling: Efficiency ranges 'from 
4.7 to 12.2 Btu per watt-hourfThus.the least efficient 
ni^fchine consumes 2.6 times as much electricity per 
unit of cooling as the mo$^\efricient otie. Figure 1 
shows (he Efficiencies of all. units havingf xatings Up 
to 24,000/ ^tu per hour,, as listed in (10). 

Fror\;^an economic point of view, the purchaser 
should select the particular rijodel of air conditioner 
that Wildes the needed cooling capacity and the 
lowest*^ total cost (capital, maintenance, dperation) 
over the unit's lifetime.' Because of the large number 
of models axtilable and the general ignorance of the 
fact that such a. range of efficfencics exists, th^nfbst 
economical choice is not likely to be made. An 
industry-sponsored Certification program requii;es. 
that the coolirig rating" arid wattage input be Ijsted 
oh the nameplate pf each unit, providing the baMc 
infojn^^ required for deterWining efficiency. 
Ho>^y»Mfie nameplate is often hard to'Rcate and 
'hdr state the efficiency explicitly. 



The use of electrical 'heaji pumps could equalize 
the positions of electric-, oil-, and gas-l\eating systems 
^from a fuel conservation standpoint. The heq|t f)ump 
delivers about 2 units of heai-energy for* each unit 
:of electric energy that 'it consumes. Therefore, only/ 
"1 .7 units of fuel energy" \Vould bp^ required at /the* 

power plant for each unil of delivered hiat, . ...^ ^ p-. _ 

essentially the same ^s that required for fu^ng result from buying a more efficient unit is illustrated 

homafurnace. J ^, by, the following .^case. Of the ^ models- with a 

■ ' ' V i /^^"^ 



The magnitude of possible savings that would 



; , In the above e 
assumed ; tb qperate tlie' if] 
year.;- tipwevet^V^^^i^^ 




capacity ,;p5^^1 0,000 Btu perv hour, thief, tpv^st 
efHdency iflbdel draWs 2100 watts and the Highest 
effidency 'model draws 880 w^tts. In 'W9^|^ 
D.C', tke average room air cpnditioneap^ji%|^^o^^^ 
800 hours pcT' year; The Io#^ffidefe u 
use 976 Wlowatt-houts more/ electricSty 
^ thiafi the •hi^-efficiency un^t. At lS\^ms per 
* killowatt-hour, th^peratingtost would/ln^^ 
;3il7.57 per yc^^ The' air conditi<jmer;)^^^ 
exi?ected to hafe a life of lp;yeai^i^jyCthe1p^ 
operates on a Credit card eccmbri^*^M 18 per* 
^ceni iitterest rate, he wpuld be ^dbi^j^cally justified 
'"in paying up to'$79 niore for^t^^f{u^^fficiehcy unit. 
' If his interest rate were.i6 c©(i^ an additional 
purchase^ price of $130 ^wp^^ be^stified. 

He "two units, were 
J,ij^mber of hours per 
■ 0ft ^"the ioiy-priced, ^ 
Igw-effidehcjy xiniis^ are S not equipped viSjth v 
•'"trten^dstats: As a r^^ operate almost 

.continuously, /with lower-than-desired room 
r tenfperatyre. tiiis compounds the ineffidency and, 
in ad^^On, shortens the lifetime of the units. 

- In addition to the probable ecqnomip aidvantage 
; to the consumer, an improvement in the average 
eflidency of room air conditioners would vresult in 
^appreciable Reductions in the nation's energy 
c%)|isumption and required generating capacity. If the ^ 
sW distribution of all existing room ujnits is that for 
the 1970 sales; the average efficiency (10), is 6 Btu 
per watt-hour, and the average annual opei;ating time 
is 886 hours per year, then the nationis room air 
conditioners consumed 39.4 billion kilowatt^ipprs ■ 
Buring 1970. On^ the sam6 basis, the connected iQad 
was 44,500. megawatts, and the annual equivalent 
coal consumption was h&.9 million tons. If the 
assumed efficiency is ^^nged to 10 Btu. per 
•--watt-hour, |he annual power consumption would 

hav^ been 23.6 'billion kilowatt hours, a reduction . 
^^6f i5.8 bilKon kilpwatt-hqurs. The connected load 
' would have , decreased . 4b 26,700 megawatts, a 
reduction of 17,800 niega.watts. The annual coal t 
consumption for room air conditioners would have ' 
b|een 11.3 million. ton^ a ^eduction of 7.6 million 
fons, or at* a . typical strip mine yield of 5000 tons 
per acre, a reduction in stripped' area of 1 500 acres 
in 4970. ' 



^ll^ th^ conunerc^al settox, energy savings in 
. ^ ^^pac^ heating and cooling such as^ those diescribed ^ 

'earlfer are possible. In addition, tiie use of total 
- energy systems (on-site generation 6^ elect ridty and 
. \ thief use of waste heat for space and water heating 

and absorption air-conditioning) would increase the ' 
, overaD' energy efficiency of commerdal operatiom. 

Commercial lighting accounts for about 10 per 
^ cent of total electricity consumption (12). Some 
architects claim that currendy recommended luting 
levels* can be reduced without dahger t6 eyesight or 
worker performahoe ( 1 3). Such^reductioh would save 
energy directly an^ by reducing air-<^nditioning 
loads. \Aitematively, waste heat from lighting can be 
drciilated in winter for space heating^' arid bunted,. 

* outdoors^in summer to reduce air-conditioiimg Toads. 

.r' \ ' ^ 

Changes in buHding design practices might 
V effect energy savings (13). Sudi changes 'could 
incliide.>use ^of-less ^ass and of wjndows that open 
for circulation of outside air. : 

Waste heat and low temperaturie steam f]fom 
electric power plants niay be usefij, for certain 
' industries and fpr space heating in urban, districts 
> (14). This thermal energy '(about 8 per cent of eitcigy 

* consumption In 1970) (15) could be used! for 
industrial proce^ steam,'space heating, wat^r heating, 
and air conditioning in a carefully planned urban 
complex. ' ^ 

' The • manufacture of a few basic materials . 
accounts for a *large fraction of inaustrial enciW 
consumption. Increased recycle of energy^intensiye 
materials such as aluminumr steel, and ptfpsr ^oi^ 
save energy*. Saving could ^Iso come^ from lowcK^ 
■ production of certain materials. For example, tneX^ 
production ^ of packaging materials (paper, metaL 

* glass, plastic, wood) requires about 4 per cent of the ^ 
total'eneigy bddget* In general, it nwy be possibly 

' to Resign produits and choose materials tp decfease.V 

* '^^e use of ^ckaging and to reduce^eneigy cbsts per ' 

* unif of *produqU^n. . , * / 



Other Potential Enerigy Savings * ' 

Energy-efficien<^ improvements can be 
effe9ted for other end uses of. energy 'besides the 
three considered here. Improved appliance design 
#could increase the energy efficiency 6f hot-water 
'heaters, stoves, and* refngerators."^ The use qf solar 
energy for residential space and water heating is 
technologically feasible and might some day "be 
econoniically feasible. Alternatively, ^te heat from 
air conditioners could be used for mter heating. 
Improved design or elimination of ga3 pilot lights^nd 
elintiniation of gas yard lights would alio provide 
energy saving? (11). Increased energy efficiency' 
within homes would' tend to reduce suntmer 
air-conditioning loads. . , ^ 



Implementation 
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Change|Jn energy prices, both levels lond rate ' 
structures, would influence decisions concerning 
qipital versus life costs, and this would affecS the^ 
use of ^nergy-c(His^rvinK^ technologies, JhAUc 
education to ^increase awareness of energy pi^blems^ 
might heighten .consumer sensitivity toward personal, 
energy consumption. Various local, state, and federal' 
g!bv^ment policies exist that,^ directly and 
indirectly, influence the effidency of eneigy ui^. 
These three routes ^e not indejpendent; in particular, 
government policies could affe'<it prices or ^blic 
education (or both) on energy use. 

One ^jor factor, that promotes energy 
consumption is the low price of energy. A'typical 
fiunily in the' jUnited States spends about S per cent 
of its amiual budget on electricity, gas, ^d gasoline. 
The cost of fuels ai^d electridty to manuf^ 
ab^ut 1 .5 t)er cent of the y^ue ^0f 
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shipments. Bj^use i^e price of energy is |ow relative 
' to other t:^!qs, efHcient use^ of dnergy has not been 
of great iiiiportance in ;the economy. Not' only are 
ibel -prices low, but historically they have' declined 
relative to otl»r prices. , 

X^e dbwpward trends the relative price of 
- energy hz$ begun to reverse because of the«growing , 
scarcity of fuel$, increasing dosts of both moniiy and 
energy-convefsioh fkctlitiea. (power plants, petroleum 
refineri^), and ;thf ^*ueed to interna^ social costs 
o( ene^ prbduSticNfi and u^. The impact of rising 
energy prices on dehiand is difficult to assess! 

/ ■ \ ' / '■■(^ V ■ ' ■ . * •' 

*,Thc factb^ cited, above (fuel scarcit]^, rising 
costs, environmenta]^ (xmstraints|| are likely to 
influeftce energy pjrice sductures Is weD as levels; If 
these factors tend increase energy prices unifonniy 
(per Btu,delivered)i then encpy price structures will: 
become flatter; thja^ is, the ^centage difference in 
price between thej first and last unit purchased by 
^'a customer will be less than diat un^er existing rate 
structures. The impact of such rate structure, ch^h^es 
on the demand for energy is unknown, and research 
is needed . " • ^ 

increases in the mce of energy shoulq^ decrease 
jhe quantity demandedaiid this is likely to encourage 
more efficient use of^ energy. For example. If the 
price of gasoline rises, there will probably be a sh||t. 
to the use of smaller , cars ahd perhaps to the usi 
of public ^atispoi[tation systems. 

Public education Wogi^ams may slow' energy 
demand. As American^ understand better^ the 
environmental problems' asscxri&ted with energy 
production and use, they may volimtarily decrease 
»their personal energy<6nsumption growth rates. 
Experiences in New' York City and in Sweden with 
energy-conservation advertising programs showed that 
the public is' willing and.able'to conser^ energy, at 
* least during, Aort-tenn emergencies. / 

Consi^mers can be educated about th< 
consumption , of • ' varioiis appliancj 
energy-ef5ciency data for air conditionel 
;here are probably not f^hUiar to most 
buyers of air conditioners. If consumers 
eniergy and do^ar costs of iow-efficienc] 
perhaps they would opt > ^r *more. expensive, 
hi^-efficiency units to save moiiey over the lifetime ^ 
of the unit arid £dso to reduce enviroiunental 'impacts. ' 
Recently, at l^ast two air^onditioiier manufacturers 
began marketing campaigns that stress energy 
efficiency. Some electric utilities hav^ also begun to 
urge their customers to use electricity tonjervativcly 
and efficiently. ' ^ . ^ 

.Public education caii be achieved throu^ , 
, government publicaitions or govemmeAt regidation$, ' 
for e^^ample, by requiring labels on appliances, whkib' 
state ^e ener^ efficiency and provide estimates .bfr 
operating costs. Advertisements for energy<onsuQii|ng; 
> equipment mig^it be required to state the eii^gy' 



7 



j efRciency. - • ' t 

Federal policies, reflected in; research 
expenditures, construction pf facilities,* ^taxes and 
subsidies, influence energy vconsumptiqip. I^or 
. example/ the. federal gove^rmient sp^ds seyierai 
billion doUan annually on highway, ' airway, ^nd 
airport construction, but nothmg is spent for tidlw^y 
and . railroad construction! Until receirtly/^federii 
transportation research and development ftfi(i4s s 
allocated alm6s| exclusively to^ air and high\^y1tayel. 
Passage of the Urban Mass Transportati0n 
esta^bUshment of the National Ral&<X[d Pass^g^er 
Corporation (AMTRAK), plus increases in research 
funds f&r rail and mass transport may increase (fie 
use of these energy-efficient .t^aver modes. ^ ■■. 

Similarly, w through agencies such as the 
Tennessee Valley Authority,* the federal govenqneiit 
subsidizes the cost'of electricity. The reduced price 
for public power customers increases electrici^ 
consumption over what it would odierwise be. . 

' ■ * . ■ ' 

Govenmients ^also influence energy 
cbivsumption directly^ and c indirectly throu^ 
allowances for* depletion^ of rdsourices, purchase 
specificati^s (to require recycled paper, for 
example),;1nanagernent of . public energy holdings, 
regulation of 'gas arid decUid iiiility .rate^ levels and 
structures, restrictions* on* energy iirpmtotion, and 
estabjlishnient of inirumuni^^^erg|^lj^rfo^ 
standards for appliances and houk||i^' 




Th^ federal^^ovemment '>pend^ ^boutrj^.^ 
vbiIlio;i. a year ;on resea^^' and devddpnlent'f'i^r 
'civiUan energy^ of \tfhich tltie^yast majority 1^ devoted 
(o* energy ^uprply tecf^jiologtes (10V, ^ / 

\ ' ...Until repntly only seve»^'ibtfited .^0^iK&t^. 
; :^>a^raiiabie fpr developing a defioled unde^pf^ng of 
■ ^J'i^ , ways in n^qi 'the ^pon us^[ie^rgy,..The 
^^'^r^recently^ institute^d Research ApriU^d to National 
Needs XRANN) Ditectorale (or thll^ational Science 
*^ /Foundatton...haa been^^portiiu; research directed 
\ toward developing a dnailed understanding of the 
way in, >^ch >the country iitflizes eii^^ i..This 
program also ^eeks to exanddne the dption$ for 
meeting the needs of sfxdety at reducea energy andL"^ 
environmental costs. . ^ 

P^haps n^w research on energy^iise will reveal 
'additional ^ys to reduce ;energy>g^wth rates. 



SummafV' 



We described three uses of enei|Qr' for ^lich 
' greater efficiency is feasible: transportatkin, fpfte 
.^heating, and air conditioning4 Shifts! to less 
/energy-Intensive transportation mod<^ could 
substantially reducf energy cbnsunip%>ri; the 
magnitude of such aavingn would, of coumi, depend 
'on the extent of such shtfts an^possiUe load factor 
changes.; ^The hypothetical traupor^tion sceriaric 
described here r^ts in a 22 per cent savings m 



. energy for transportation in 1970, a savings of 28pO 
trillion Btj^. ' . 

• Xb- the homeowner, increasing the amount of 
building insulation and, in some cases, adding stofm 
^windows would reduce energy consumption and 
provide monetary savfngs. If*all homes in 1970 had 
the "economic optimum'^ ajnount of insulation, 
energy • consumption for reMdential heating would 
have been 42. per cent less than if the homes were 
insulated to n\eet . the pre-1971 THA Standards, a 
sayifigs of 3100 million*' Btu. 

*:v 

Increased utilization .of energy-efficienf air 
conditioners and of buildine insulation would provide 
isigniUcant etiergV savings 'arfd, help to reduce peak 
power demands during the summer.^ A 67 per cent 
increase in energy efficiency for room' air 
conditioners would have saved i5:S billion 
kilowatt-hours^in 1970. • ' ^/^^ 

In corrClusipn;, it, is ii)ps$ible-from \an 
engineering point" of, view-to effect corisiderable 
energy savings fn the United Staties. Increases in the 
efficiency of energy, use 'would provide desired end 
results with^smaller energy inputs. Such measures will 
not reduce the level of energy consumption, but»they 
could *sk>w energy growth rates. 
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Table 1. End-uses of energy in the. United 
Slates. , 



ItMM 


1960^ . 

'(*) 


^ 1970t 
(%) 


ff nifispoi imon 




"44 7 


dpicc nciiins 




tl7.7 


rTOC^SS SICain 




16 4 


uuicci ncpi ^ 




M 1 0 


Cricciric onvc " . • 


. » 


, g'j' 


|law^mate|iab 


5.2 


* 56 


Water kea(|iig 


k.o 


.4:0 


Air conditioning 






Rerrigeraiion • 


1.1 


i 2.3 


Cooking 




1.2 


Elettrolyti^proce&ses 


n 


1.2 


Olhert% 


' 2J 


4 9 



* Data for 19I0. obtained froin Stanford Revarch 
InMilutr (SRI) (^). . t E«limatts for 1970 oh* 
lalncd by eMrarolalini thanites in cncrcy uie 
liaitcrM frpm $RI dijta. I'Inctudei (lo(he% 
drviny. small appliances, lifhtinit. ind other miv* 
cellaneoux eneryy UNe\, 



Table 2. Energy and price data /or intcreiiy 



freight transport. 



Mode 



Energy 

(Btu/ , 
ton-mile) 



Price 
(cents/ 
ton 



Pipeline Y 
Railroad .N., 
Waterway 
Truck' ; 
« Airplane V 



450 
,670 
680 
2,800 
42,000 
f 



Price- i 
:enii/ \ 
|.milc) ' 



: .0.27 
1.4 
0 30 
•7.5 
21.9 



Table 3. Encrfy 
trahsport. 



■■ ■ 1 ■ ■ 

' and price data .for pa 



passenger 



24 



Mode 



^Energy 
(Btu/pas* 
senger-mile) 



Price 
(cents/pav 
senger-milc) 



Eailroad 

^ Automobile 
Airplane 



intercity* 

29jP0. 
5400 



3 6 
4.0- 
4,e 
6.0 



Masslrgrtsit ^ 3800 * ^ 
•'Autom(jt)ae 8100 

- — ^ — — • — — V — 

*Load factors (pcrccnUge of iraniport capacity 
uiihaed) for kilercitV travel are about: bus, 45 
percent^ railRMd, .3S percent: aulomobllc* 41 
percent; and airplane. 50 percelit. f Load 
factors for urban^ travel art.about^ mats transit.. 
'•20. percent: and |luioinoblle* 28 percent. . *.V 



Table 4. Actual and hypoi helical energy consumption pauerns for imnsportaiion in 1970. 



PcrcemaBe of total trjifRc 



Total 
traffic 



Air 



Truck 



Rail 



Waterway 
and 

pil^line 



Auto 



Bus* 



Total Total, 
eneriy ^ coat 
(lO-'Btu) 



'Actual 

Hypothetical 

Actuate 
V .Hypothetical 

• ' ^' 
' Actual 
Hypothetical 

Actual 
Hypothetical 



22IOt 
2210 



,11201 
1120 



7IOt 
710 



0.2 
0.1 



10 
5 



^ Intercity freijthf traffic 
19 35 ; 46 

9 44 « 46 

•fthefctty pa%xeitxer traffic 
1 

12 

Urban paxstrtger traffic 



Totah 



91 
5R 



97 
49 



25 



3 
51 



2400 - 


45 


1900. 


33 






4300 


47 


3)00 




5700 


61 


4200 


63 


I2«400 


160' 


9600 


141 



• IntercUy bu» or urban maia transit. t Billk>fl tofi-mlks. ^ ViltkM paSMnfcr-mllts. 



Table 5. Compariison of insolation requirements And'monetaryand cneriy savingi for aT'New Yortk ^residence. 



InsuHition specification 




Unreviscd MPS* 




Revised MPS* 


Ecofibni 


optimum 


Oas 


Electric 


Gu 


Electric . 


Oas ^ 


1 Electric 


Wall insulation thickness (inches) V 


0 


, IH 


m 




: 5w 


•> 3V4 


Ceiling insulation ihickncu (inches) >^ 




IH 


3M 




3Vk 


6 


Floor insulation • * ^ '■■ ^ 




No 


Yes 


Yes 


Yet 


Yea 


Storm win^ws U . 


No 


No 


No 


No 


Y« 


Yet 


Monetary savings ($/yr). . / ' 


0 


0 , 


28 


75 


32 


155 


Reductidn of'^ncrgy consulnption 


0 


0 


29 


19 - . 


49 


47 



• Minimum i^opcri]^ itamSardt i,(MP$) for one aad two. living unlta. 
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ENERGY CONSERjVAlTlON PUT IW PERSPECTIVE 



Manager, ^ Energy UtMization 
Project, Power Systems Planning Dept., Westinghouse 
Electric Corp., Pittsbu^h, Pa.* 

In order to make energj conservation meaningful, the 



various Q^oices open 
pinpointed, along with 



fo the t)ublic must be 
their contribution toward a 
goal. Only in this wa^ 'can intelligent choices be/ 
made. 



The energy, crisis has generated a great deal of 
information on how to save energy.^ Some of these 
suggestions are good; pthe^s are almost worthless. 
And none of this infogna^ion puts into perspective 
the amont of energy ^^actyaUy saved. For -efforts to 
be meaningful, however, <|i^Ar.iinportant Vo know not 
only how great a given ene^ saving is, but its' overall 
contribution in terms qf the job that has to be done. 
It makes no sense to expend a great de^ of effort . 
for an insignificant return, while at the same time' 
/overlooking a potentially^ large area of* savings. 

Witfr flie .-lifting of the oil einbirgo, tfie 
immediate jfressutes to conserve energy are also 
lifted. But this /(oes not mean that ^le need' to 

^conserve erfergy in all s^gnie^ts • of the 
econpmy-espfecially oil and^as-has teen eliminated. 
Indeed, if we are to follow- th/ou^ on President 

„ Nixon's call for energy independence foj;Afe United' 
States in -the 1980s,, conservation rtiust be a 
continuing eirprt for many years to come. Certainly, ' 
the pressures fojr conservation next winter ^11 be as 
severe a^"tljjr|iist winter, if not more so. * 

Because energy comes in several forms-oil, 
natural gas, coal, nuclear-energy discussions usually 
contain a variety of terms and abbreviations, sudi 
as Btu, Mw, kvAix, .therm, and bbl/day of oil. It is, 
therefore,'helpfUl tb.put-the Arariou& torms of energy 
in common units. Thif is easily jdohe by liShg^^ th^;' 
equivalents: 1 gal of fuel oil contains 140,000 Btu. 
This^ same heat content is contained in 140 cu ft of 
natural gas, 11 lb of coal, or 41 kwhr of electricity 
at the point of use. These Btu equivalerits~afe the * 
energy units available tb the consum^.r; They -dp fiot 
include allowance for the energy used jn tha refining 
and distribution of oil, the distribution of gas, or the 
generatiqfi and traniynission of ele<;triQty. ' 

^ Since conservatjon of oil is of most immediate 
concern, all references to energy fom^s will be ift 
terms of barrels or gallons oil (42 £al/bbl). 

.Since 1 .9^nillion bbl of t:rude oil must J^e saved 
altogether by they^S-jitillibn households «in^e U.S., 
K23 gal/day, or 450 gal/year^ must be saved by each 
famfly if the U.S. is to mee.t the federal objective. 
To Mr. and Mrs. Average American, that 450 gal ot 
eryde .oil' works out to be 1*2% .of present energy 
consumption-3,812 gal/year (2,297 for househtold 
uses arid 1,515 for autos)' 

Generally, saving energy in any ferm^an help 
solve the oil shortage because, in most areas of the 



rcountry, oil gr gas is used to generate at least^a part 
of the electricity produced. So with tfie 'objiictive in • 
mind of saving 450 gal/year of oil per household, 

/an examination of sonde of the alternates available 
and the kind of savin^^thtlf -result in terms' of gallons 
of oil are in ord»pr^ ,\ , 

At this point, the^rerage citizen should be 
prepare^ for a few dis^pointments*as well as for 
some//^ pleasant 'surprises. Some of the 
energy-conservation practices h?. may be following so 
religiously do not contribute much toward his 450-gal; 
goal. Switciiing to other alternatives 'would net much' 
greater savings. Some of the thingS that have been 
suggested as measures of seemingly equal magnitude 
riiay actually differ by a J(Bctor of 10. 



Areas of savings 



As a general, rule, the most significant sources 
of savings are the automobile, home heating, and the 
persohal use of hot water. Of these, the biggest 
nergy economies can be realized by changing^e 
tilization' pattern of the farmly car. Jo demonstrate, 
ata from the Uil. Statistical Abstract for 1971 show 
hat (1) 'car use averages 9,900 miles/year or 27 
miics/day;j[2) m 197r, cafs averaged 13.7 miles/gal 
of gasoline^ X3) total gasoline use in?1971 was 723 
gal/car, or 2 gal/4ay; (4) in 1973, cars used 20% 
more fuel than in 1971, because of air-pollution* 
controls; and (5) compact cars use bnly ,two-thirds * 
as mtich fuel as /egular-size cars. 

* . . '* " . 
Wiih these assumptions, and the fact that one 
gal of gasoline is equivalent to 1.24 gal of.erude oil 
aftgr allowances for transportation and refiAery 
losses, it is' easy to see hoW^ Wg portion of the 
^50-gal saying can be realized by changing automobile 
use patterns. ' ■ ' . 

By reducing speed ifrom 65 to 55 mph, a 
full-6ize 197l^odel car will save 30.6 gal of crudenoil 
equivalent in a year. If it's a 1973 model, tkie saving 
^ be greater-36.9 gal. 
■ • * ■ *■ ■ • . 

With a- 1971 compact-car, th* saving due to 
reduced speeds will be 20.5 gal, and for a 1973 
conipact, the saving -is 24.5 gal. By not driving the 
family car one day a Week, thcr following annual 
saviiigs can be realieed: 



1971 big car 
1973 big car 
' <1971 compact 
J 973 jfompact, 



145.0 g9l 
174.5 gal 
96.5 gal 
116.5 gal 



0 



If a conimuter who normally driven jto work 
. five day5 a week joins a thre^-person car pool, and 
drives his car only once every three days, the- saving 
is' remarkable in both dollars and galkms of cQide 
oil. Exactly how big it is vapes widely* depending 
on the size and model of ciEU'^iQd the daily commuting 
distance. But examination of miJdhart.will shbWthat 
a commuter driving a 1971 compact 10 mil^'l^y 
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would save $40 and 100 gal/year of crude oil 
equivalent. At the other extreme, a fuU-siz? 1972 
model commuting 30 miles would save S216 and 590 
gal of crude oil. Any coihmuter can, estimate his own 
personal savings by using the chart. 

The chart can also bemused to estimate potential 
savings in cost of commutir\g by switching to a 
different model or size of car. For example, if a 
coixunuter who travels 20 miles a day using a 1973 
full-size carf switches to a 1973 compact, he would 
save 130 gal of oil and $48/year in his commuting. 
. For all driving, the saving would be -twi(;e as miich. • 

Coincidentally, savings realized by switching 
ffom a personal automobile to mass transit are • 
identical to those gained by joining a three-person 
•car pool .In. the case of mass transit, savings stem from - 
'its g/eater energy ^ efficiency (3,800 JBtoi\ per 
passenger-mile).cdmpared to' the autompbile-XMS^^O 
Btu per passenger mile for an averag^ l^l^t:ar)r 
Thus, a" Commuter trying- to be more energy^ifi(^€^,.,^^ 
has an equal choice of mass^transit or a, cai p0O^^.^ 

Savings in the home y 

» '' •')' 

Around the hoiise, there are even more choices ^ 
for savings, to help add up to those 450 gitf/year. 
For example, /owering, the therjpostat by "four 
degrees resul^^ in saving any^ere from 82 to 158 
gal, depending on the type of heating system (see 
Ta^e 1). The reason for the wide variation between 
types of heating systems -is the difference -in their 
overall energy efficiency. Electric-space-he^ting 
efficiency^fB" about 327o, oU heating 36%, gas 41%; 
and the electric heat pump 64% (EW, Feb. 1, 1'974, , 
p.60). "^ v^ : - , 

Adding stomi win^iows produces savings of 185 
V jal/year for |. gas-heated home, aa^ 209 gal for an 
: ; T)il-heated home. Adding insulation to the attjp floor 
to retain heat saves 217 gal/y?ar for a gas-heated 
home and 244 gal for an oil-heated home. 

Electrically heated hpfhei are presumed 1U) be 
adequately insulated, and provided with dual-pzme or 
' stoBTi windows, at^ the time, of construction. 
* * ■» • 

' Turning off a gas yard-light that consurpes 
.18,000 ft/year of gas will save 159 gal/year of 
crude-oil equivalent. B,ut replacing thi^t gaSli^t with 
,a 30-w . electric* lJulb save 148 gal/year of oil, ^ 
while providing the same amount of illumination with, 
no sacrifice in safety or aesthetics. ^ • 

j One means of energy Conservation available jto 
^most Americans, whidvJ^jn't received the attention 
it perhaps deserves, is /he aa^|y bath. If the puolished 
statistics on tfie high^ personal, act of bathing arc 
accepted, it can be seen tliat a normal* tub bath 
requires 23 gal of water at llOF. A normal shbwdr 
of three or four minutes requires 12 gal of lOOF. 
(this is not to^ confused with the lO-to^minute' 
therapeutic showers taken by so^ne teenagers.) 
Assuming one .bath or shower a day^er person, the 



family can save 39 gal/year of oil equivalent per 
person-156 gal*for a family of fouMimply by taking 
showers instead of baths-if the house is heated by 
resistance hearting. 

If it' is heated by a heat p*mp and use» 
resistance heating elements in the hot water tank, ^e 
saving by showering compared to tubbing is 40 gal 
of oil per pc^on. With a gas or oil furnace and water 
heater, the saving is 17 gal of ojj per person. / 

One^uniqu^^nservation measureAand certainly 
one of the simplest-4S Ae act of pytting th^ stopper 
in the w^-basin while shaving with lather and 
blades, or >^*iile shampooi^fSThis saves bfitween^2.4 
and 5.7 gal/year of oil/^r year for water hea*ting 
when compared to lemng the hot water, run. But ' 
switching to an eleouic shaver' accomplishes even 
more-it* usCT pnly a/ much energy^ i^ a year as the 
hot water for the <ather-and-blade shaving -routine 
uses in two r or three days. 

' . . , . ■. * 

One way or another, the^ average American 
should have no trouble saving 450 gal/year of oil-but 
it will pay him to firid'out what he's.gaining in return • 
-for y^^t he's sacrificing. Jn energy conservation, as 
. in 'many of the developments of our times, things^ 
are not always what they 5eem. 

^Other areas -of savings , ' 

Based on what is gleaned from the newspaper, 
television, andradio,*it ia possible to gain a false sense 
of accomplishment from rigi5i'adherence to #hat are 
presented^ as worth^^^ile conservation rtwasures.. 
Things like turning oft lights, cutting down on the 
use of appliances and TV, the extensioi^of Daylight 
Saving Time, .etc., would not, by themselves, even 
come close to the. kind ^ sj vinff our society must 
achieve. In fact, many ai€^ctically negligible when 
compared to the potential eriergy savings discussed 
so far. . ' 

? 

For exaynple, one conservation practice that has 
been recommended, and is being follo.wed,ii\ many 
homes, is turning off electric lights to sav? energy 
and ,money. If enough lights are^tumed off to achieve 
a' reduction of 10% pf the average winter 
consumption fbr lighting, the net saving in oil 
equWalent.is disappointing. The Teason is that lighting 
simply doesn't use . that .much en«rgy-and* 100% of 
what it .does use fe'ponvert^djto heat^ 

• . , " • • • 
' If the home has an electriCHresistance heating 
system, there is no gain at all, siifce the heat that 
was supplied by the nowextinguished lights must be 
made-up by the hating system, and both operate 
at the' same 100% efficiency. In the case of 
incandescent lamps, 10% is radiated in the visible 
specthitn, and 90% in the invisible infrared spectrum; 
for fluorescent, 21% is visible < and 79% in the 
nonvisible spectrum. But for either type, whether the 
radiation is visible or not, it all ends up as heat. 

If the home is heated by heat pump, the 10% 



reduction /in lighting will save the equivalent of 2.3 
gal . of oil ^durtng the six winter ifionflis (see Table 
II). If, the home has a gas furnace, the' saving Will 
be about J gal -of oil 'for' the same period. If, the 
.heating system is oil-fired, the saving will be only 
^ibout \i2 gal of oil. The differences are due to the 
variation ^ in heating-system- efficiencies (for 
calculation, see box). ^ , ^ ■ ' 

In terms of money saved, 10% fewer lights will 
not reduce the electric bill at all with resistance 
heating; it will reduce it by 41 Y for the whole winter 
with a heat pump; 6y 85V^witfi a gas furnace, and 
by f only 1^ with an oil furoace. These figures are 
based on' oil at 39^/gal, gas. at $1.16/Mcf, and 
^ eljligtricity at J \l2itl\twhr. / . < 

Thus, not more than 2.3 gaKof oil We saved 
by" turning off fO% of the li^ts. in ^Jiter. But, ' 
tiirning off lighjts in summer, i^ an aiitcbnditioned 
home, is sli^tjy more import^ t. Under these 
conditions, the air conditioner does not have -to work 
so hard. . , 

Nevertheless, the difference is stiD" very 
little-because the air conditioner is quite an efficient 
machine. In a home "that is not air-conditioned, the 
saving from turning off 10% of the lights for 'the 
summer months is 2.2 gal of oil equivaleht. If the 
home IS air-conditioned, |the saving is 3.1 gal.' 

A total of about 5 gal of oil saved in a year 
by turning off 10% of the lighting seems like the 
hard way to build ^toward that 450-gal ^al. 

Contindrng the analysis, what is the effect of" 
• cutting down on the lise of tbasters; mixers, blenders, 
and other portable applianc6s-all by 10%? In the 
summer months, the payoff is 4.-7- gal from njot using 
the appliances, plus 1.5 gal frojtr hot forcing the ' 
air-conditioning Slystem to rempve the heat given off 
by the appliances. 

In wint^ the payoff is sm^er because, again, 
the heating isystem must make up for the heat the 
appliances formerly supplied; as with lighting, all the 
electric energy going into Ihe appliance ends up as 
^heat. So, with electric-resistance heat^ there's again 
no saving: With a heat pump, the samg is 2.3 gal 
of oil With a gas furnace, the saving is 1.1 gaU^and 
with an oil heating system, (he saving drops to 0.6 
gal. 

. The potential ^saving by cutting back en 
vOj^jching color telewion, or by switching from color 
to your old black-an3-white set, is of the same order 
of magnitude, and for thi same reasons. / 

Equally^isappointin^ it comes to saying 
' 'energy is the switch to ye^f^ound Daylight Savmg 
Time. Despite whsK. may have appeared In sol^ 
media, tfie heating requirements are not affected at 
^1 by the shift in hours. There is spme saving in 
lighting, by going to bed earlier and getting up earlier. 



even if some lights are stfll required in the morning 
hours during winter. If we assUme that lighting used 
in thd added morning hour is half^the amount saved 
because of the extra hour of daylight in the evening, 
we. find that the a\^age home produces qilnequiv^ent 
savings of 0.6 gal'for a resistanceJieated nome. 2.7 
gal for a home wilh a heat pumpi 1.3 gal for a 
gas-4ieated home; and ]r.4^gal for an oil-heated home.. 
Here thev question arises: Is it worth it; in view of* 
the inconvenience and dislocatiop created*for families 
and businesses?. ^ ^ 

' And^to compound thfe problem* of « Daylight 
Sa>^ng Time and the danger of sending children to 
school in the dark, it is being su^ested iSat we 
eliminate half of the energy lised for street jind. 
highway lighting. In return for this sacrifice of safety 
and se^cujrity,;we will save/20,000 bbl/day of oil. 
Whfle this may sound like a lot, it only adds up to 
5 gal/year per family-rnot very much toward our 
450-gal goal. ^ , ' / 

Nonc^jK^ snergy squtces * ^ 

In many^areas of . the country-^erever the 
electricity is generated from coal, hydro, or nuclear 
sources-saving /electricity win not result in anj? saving * 
of oil at all. As a matter of fact, over 60% of our 
electricity is made from nonoil or gas sources, and 
ja distinction should be dfawn between electric energy 
\ources. Right now, the problem is a shortage of oil, 
not a shortage of coal, nuclear, or hy^ro energy, ir 
our real objective is to save oil, then some of our 
conservatiori pjj^tices can even backfire in these 
are^. • '■^ /P' 

Fj^^^0^ in ' an are& using cdal for 

[b'l^luming out 10% of the li^ts fi the 
h in oil-heated \\ome will save 52 lb of coal, 
iH require ah extra 4.1 gal of oil in the home 
>!y me added heat load. f 

7 t) * 

summary, many conservation measures 

provide minimal savings in ene/gy, and at the same 

^toie may even bf counterproductive when it^comes 

*To saving oil. Fortuna^My, there are several measures^ 

available that are far. more significant, almost all. of 

which pertain either to reducing home-heating 

requirements, to cutting c^sUiOiption of hoi water, 

or to' changes in patterns of personal .transportation. 
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Table I: Potential yearly ss^ings from major 

conservation measures, sylllons of crude-oil equivalent 

t> ■ ^ Type of htoatlngsyf tern 

Electric , ' Electric 
leiistanee heat pump 

82 



Conservation 
meatuiit 

Lower thermostat 4F 

Add 6-in. insulation « 
in attic 

Add storm windows 

Turn off gas yard 
light 

Replace gas yard 

. light withr30 w la rT4> 

ShowerVs tub bath 
1 Peiion 
Family of 4 

Lather & blade sha^ 

with stopper in 

lavatory, vs running v 
Electric shaver 



158f 
N.A 



N.A. N.A. 

N.A. ^N.A. 
N.A. ' N.A. 



Gas 

furnace 

130 
217 



Oil 
furnace 

'147 

^44 



185 
159 



. 209 
,N.A. 



HA. J 

M 

> 


N.A. 


148 


N.A. 


39 

156 . 
5.4 


40 
160 

5.7 


17 
68 

2,4 


'l7 
68 

2.4/ 


r ■ ^ 
0.05 


0.05 


0.0& 


\).05 


V. , 

















Table 1 1 : Potential yearly savings from niifior 

conservatidn measures, gallpns of crude-oil equivalent 

Type of heating system ^ 

Electric, Bectric Gastf Oil 
^resistance heatqump furnace furnace 



Conservation 
measure 



Reduce lighting 10% 
Winter - 
Sumrfier^no A/C 
SunvnefwithA/C 

Extend daylight saving 
timetofultye^r 

Reduce use of portable^ 
appliances by 10% 

Reduce color-T^^ use 
by 10% 

Replace color TV witR 
black & white 



0 ' 


2.3 


.1.1 


0.6 


2.2' 


N.A. 


-2.2 ' 


2.2 


3il 


-3.1 




3.1 


0.6 


2.7 


1.3 


1.4 


6.2 


8.5 


, 7.3 


6.8 


. 


.-3.3 . 


2.8 


2.3 


4.9- 


• 8.5 


6.5 


5.6 
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Energy savings calculation, lighting reduced 10% 

The mathem\ittcs by which %ner^ lequi^valents are deierqnined is illustccft^-tSy. 
an analysis of tl\e, oil equivalent saved by reducing home lighting [by 10%. 
Starting with the .ass*un)ption that average annual consumption for lighting is 
816 Icwhr. of which 544 kwhr are used during winter m^onths .antl 272 kwhr dur- 
Hig summer months, the saving from a 10% reduction in winter is equal to ovr^- 
tenth of the winter Icwhr cgnsunj^ption. minus the he;af provideld previously^by 
the lighting system. . ^V^^y' *^ V 

Ma^thematically. thjti^n ^ represented by the equation: ^ 

0. 1 X l(whr X 3.412 ^/kw^l' 0.1 x kwhr x3Al2 Btu/kwhr 

Electric Utility ^^ 140:000 
• system efficienc/ Btii/g^"^ 

For a gas- heated home t 
' - 0.1x544x3.412 




Furnace w Fuel distribution^ 140.000 
efficiency^ efficiency . Btu/gal 



s is illustrated by: > 

0.1 X 544^x3,412 

0.313 x l40;000 0.45x0.9x140.000 



1.0 gal dT heating oil 



^ In the process of refining heating qiI, 1 1% of the crude oil is lost JDyus. to get 
100 gai of heating oil would require j \2Vy gal of crude oil. For this example, i 
1 gal of heating oil requires 1. 12 gal o/ crude oil plus transportation losses. • 

* For summer months, the formulp is similar. In a. house without air condi- 
tioning, electricity consumption is reduced to772 kwht« knd only the first half / 
of the*equation is used. For a house with ^r conditionmg, the whole equation 
is used.^ut electricity consumption reduc^ to 272 kwhr« furnace efficiency is 

'replaced with an |)ir-conditioner efficiency (COP) of 3. fuel-distribution effi- 
ciency is replaced* by tfie electric-utility-system efficiency of b.Ii3. and the 
minus sign changes to a plus. ' "v^ ' - 
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CHAPTER 1 
SUMNLARY 

r 

. We* must ke^p bfefore us the' fact that ^ energy 
'sources haxefome-imp^cVon the enviconmeht. Table 
10 summarifces the effects discussed in thegpreceding 
diap^ers. It al^ "siumnarizes fuel supplies. 

To »quote S. M7Itr*Freeinan, former Director 
of the En^rpJPplicy Staff Of the President's Office 
of ^'ience ^^d Technology: ''After mans long 
struggle fot- bare survival and simple comforts, the ^ 
stage has been reached where most people in this , 
country are trained and paid for thinking. An 
abundant supply of loMhcost energy is essential to 
gontipue this trend, freeing man from burdensome' 
chores and enabling him^ to spend more and more ^ 
of his time enjoying the pleasures of affbierice, y 
^leisure, cmd education. It is for> these reasons that^ 
national policy has ion^ been' to assure ah abundant 
supply of low coU energy." 

' To supply these -needs, we must be prepared 
to make scveri vitaj decisioifs in U^e near future: 

h .tibw can Ve best produce elcQfrical . 
.energy to meet increasing needs to, maintain our 
quality of life and still maintain ..a quality 
environment?. We want both. ^ 

2i What energy source, or combination of 
energy sources, wiU produce the least detrimental 
effects on the environment? ^ 



These are decisions vAiidi the American ^blic 
•must riuke. TKey are extremely important decisions 
that will affect the lives of unborn generations.* We 
must weigh the^ availability and importance ^f fuels, 
the impact on the environiYi^nt and humaii needs, 
keeping in mind that pollution is more a by-product . 
of affluence tiian of poverty. 

J|4iether the energy comes frdm fossil fuek, ^ 
nucl^ar/reactcm or a variety of sources is a (fccision 
which niust be made after a careful wei^iing of the. 
facts. In the words of Craig Hosner. formerly on^ the 
Joint Coinmittee on Atomic Energy, "Society must 
balance risk against potential benefits to the people; 
the ultimate decision should be that which is the 
greatest good forjhe greatest mmber" 

The decision is yours. 



^ ' TABLE. 10 ' ■ " ' . 



Environmental Effects of, Electricaf Power Generation' . ' ^ 





i^y' Effects on Land 


,EffiBcts on Water 

X 


Effects on Air * 

V r 


Biological Effects 


Supply 




'^is^^Jsturbed land ' 
"^iarge amounts of 
solid waste 
Mine tailings 


Vrfiiciiiiuii niinc 
drainage 
Increased water 
temperature 


^ Sulfur oxides 
Nitrogen oxides 
Particulates 

Some radioactive gases 


Respiratory ' 
problems' from ;air • 
pollutants' 


Large 
reserves 




Wastes^ in th« form 
of brine - 
Pipeline construction 


•increased water 
temperature ■ ^ . 
Oil spills 


Nitrogen oxides 
Some sulfur oxides 


Respiratory 
* problems from air 
^pollutants 


Limited 
domestic 
reserves , 

If 


t 


Pipeline construction , 


Increased water 
temperature 

- — ' ^— — — ' — — 


> Some oxides of ' 
nitrogen 

* ' ■ 


None detectable' 


Exttemely 
, .limited 
domestic 
reserves 


n 


Disposal of radioactive 
wastes V 
Mine tailings 


' Increased water 
temperature ^ 
Some radioactive, 
liquid^ 

i- t* 


Some release of- 
radioactive gases 


None detectable in 
normal operation 

• / ; 


Large 
. reserves if 
breedersare 
developed 
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^ APPENDIX I 



GLOSSARY OF TERMS ^ • 

The following tenns are included to aid you /in your understanding of the material includeil in 'the text' j 
and of the terms you will encounter as you investigate the effects of poyer getferation. Many Jpf the nucleic^. ; 
terms are excerpted* from the U.S. Atomic Energy Corhmission booklet Nuclear Terms: A Brief <\lo$&cay. Man/C^ 
other terms have been added by the committee in order to increase your understanding of the |5pecifi6 words 
relating 'to power production. * . . V ^ 



absorbed dose 



absorber 



absorption 



activation 



acute radiation 
sickness syndfome 



air sampling * 



alpha particle 



atom 



atotnic bomb 

Atomic EnergjT Commission 

atomic mass 
.atomic mass unit 

atomic number* 
\ 

atomic reactor 
* atomic -weight 



When ionizing radiation passes through maJtter, some of its jcnergy is imparted 
to the matter The amount absorbed per unit mass of irradiated material is . called .; 
the absorbed dose, and is measured in rems and rads.ig 

• - • . * • ■ '.. . 

Any" n^aterial that absorbs of diminishes the intensity of ionizing radiation. 
Neutron absorbers, like boron, hafnium and cadmium are used Jn control rods 
for reactors. Concrete and steel absorb g^nvna rays and neutrons in reactor shields^ 
A thin sheet of paper or metal will absorb or. attenuate alpha; particles and al} 
except the mosf energetic beta particles. ■ ' • 

■ - .■ ■ ■ - , 

The prpcess by which *the number of particles or photons' entering a body pf 
mattet is reduced by interaction of the particles or radiation wit^ the matter; 
similarly, the reduction of the energy or particles or photons 'Vrtiile traversing a 
body of matter. 

The process' of mali^g a material radioactive by bombardihei^t with neutrons, 
protons, or other nuclear particles or photony. /v, 

. An acute orpnic disorder that follows exposure to relatively' severe doses of 
ionizing radiation. It is characterized by nausea, voiniting,- (Uarrhea, blood cell 
changes, and In later stages of hemorrhage and loss of hm^ '< ' 

/The collection and analysis of samples o/ air to measure its radioactivity or to 
detect the presence of radioactive substances^ particulate /matter or, chentical 
pollutants^ * / ; 

(SymbolO^ ) A positively charged particle emitted by certain radioactive jSiSiterials. 
tt is made up of two 'neutrons and two protons bound together. Hence.it is identical 
with the nucleus of a heliurii atom. It is the least penetrating of the three common 
types of decay radiation. * ^ - o . ' ; 

r ■ . ■ , . ^ ■ .- : ' - 

A particle of matter whose nucleus is indivisible by^/chemical means. It is the^^ 
fundamental building block of the chemical element^: / ' H\ 

■ . • / ■/ 

A bomb whose energy comes from the fission -^f heavy ielen^ents sUch as 
uranium-235 and plutonium-239. .■:''//_ - 

(Abbreviation • AEC) The federal agency wh|ch previously had statuatory 
responsibilities for atomic energy matters. Functiqfis taken over in 1974 by Energy 
Research anrf Development Administration and.iNucleaf Regulatory Commission. 



. . V(see atomic weight, mass) 



(Abbreviatioi) amu) One-twelfth the mas& ol^ neutral atdm of the most abundant 
isotope of carbon, carbon-1 2. . ' - 

' - ''I . . * 
(Symbol Z)' The number of protons in» th0;'tiudeus ofan itom, and also its positive 
charge. Each 'Cheinical has its, characterisiic atomic nutpber, and the«numbers of 
the known elements form a complete ieries from . 1 (hydrogen) td 105. 



A riucle^ reactor. , • 

The mass^of an atom relative to other atoms. The present-day basis of the scale 
""of atomic weights is carbon^ the most common Jisotope of thii element has 
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209 



autoradio^aph 



V 1)aokgroiind radj^ion. 



arbilrallly been assigned .ah atomic weig^it of 12. Th^ unit of the scale is 
one-twelffh the weight of the;."carbon-12 atom, or rougHy the mass of pne prpton 
or one neutron. The atomic weight of ahy element is approximately equial t6, 
the total ^^T^^mber of protons and n^^^^ 

A photographic record of radiation>from tadioactive material ^in an object, ipfide \^ 
.by pl^icing the" object ytjy dose to a photographic film jer emulsion. Th^,Kpjec§$: 
is called autoradiOjgraphy;;^t b used,;for iiiJ^^nce, to locate ra$o^ctfjte3»t<ji^'^^ 
tr%i^r^in tiwtaUic or biological samples, v \ V:; V ^ 



tion\in man's natural environnien^^H^Jri^ 
nattirally ^oactivp elements, b^;^ andvi^si 



raiS^&tJpp 
'4ie<^boi£K<^^of 



. ibdckscatterV 



W 



humans^ aiid jiimaj*. It is also caDed itatur^ &%t^&i^^^^ term^yjisApi 
radiatioq tKj|^ unrelated to a vspedfic; experiirt^ ^ '-^ 

. When/i^tioa of any 'kind strikes matter (gfe«qus;v^d pr liquid)iYSome of it 
, % ' V may be reflected , or scatter back in the geiieral d^tw thi? -source.. An . 
* understanding or 'exact mcjasurement of the ;^|tiount 0|^.backscatter is, important- 
when beta particles, arev being counted in an '^onfeatidn chamber, in medical 
/ . .. ' V treatnient witn* radiation; or in the use of industrial radioisotopic thickness gauges. 

V V A A or enclosure shielding the operatdr frwi an ar^a where r&dioactive material 
\ ' \ being use^^,pf i^pcessed by remote control eqiiipfnent. . 

ri .>/?1^;|^';K,ymbpl Ail elementary particle enptted from a nucleus during radioactive 
> decay, with a sin^ electrical charge and a piass equal to 1/1837 that of a proton. 

VA ne^tiv^ly charged beta particle is identical to an electron. A positively charged 



..NO 



buidinl energy ^i^ jl 

biologicaf dose ' ^ 
biological half life 



biological shield 

body burden 
boiling water reactor 

bone seeker 

breeder reactor 

BTU 

by-product material 



^'^b|Btal|f^icle is called a positron. Beta radiation may cause skin burns, and^ 
* tbtetaremtters!^^ harmful if they^nter the body. Beta particles are easily stopped 
l^y a sheet of metal. 7 * . 

Symbol for a billion (10^) electron volts. (See ^electron volt.) 

The birtdirjg energy of a nucleus is the minimum energy 'required to disspciate 
it into its component neutrons and protons. 

The radiation , dos( absorbed* in biologica) thaterial. Measured in rems. 

The time required fQf>fl^B^5logical system, 8|ch as a hiunan or aiiimal, to 'eliminate 
by natural processcshalf the amount o£a substance (such as a radioactive material) 
that has entered it. . . ^ . 

A ma^s o^ absorbing' material placed ; around a reactor or radioactjve source to 
reduce the radiation to a level safe 'for humans. 

The amount of radioactive "material present In the body ^f a human or an ammal. 

A reactor in which water, used as both coolant and moderator, is allowed io 
boil in the core. The resu)ting stfeam can be used directly to drive a turbitie. 

A radioisotope that tends to accumulate in the bones when it is introduced into 
the body. An example is strontium-90, which behaves chemically like calcium. 

A reactor that produces more fissionable fiiel than it consumes. The new fissionable 
material is created by capture in fertile materials of neutrons from fission. The 
process by which this, occurs is known as breeding. 

British Thermal Unit. The ai^unt of heat required to change the iemperature 
6f one pound of water one degree Fahrenheit. ^ 

Any iradioacthre material (except source nuterial for fissionable material) obtained 
during the production or use of source nuterial or fissionable, material. It includes 
fission products and many other radioisotopes produced in nuclear reactors. 
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'calorie (}^r%e calorie) 
carbon oxides 

cask 7 
cathofle.rays. 

V ) 

chain reaction 



nge ^e 



temperature of one kilogram of v^t^r 




charged particle 
chromosome 
dding 



closed-cycle 
reactor system 



coal gasification 



d>mmUj^ty .: 
containment 

cOntalnmeilt vesse^ii 
V 

control rotf' *• 



coplant 



cooling tower 



• core 



Counter 



critical mass 



/ 



, The 'amount of heat recjuired to chang( 
one degree Centigrade. 

Compounds* of carbon and oxygen- produced y;^en the carbpn of fossil fuels 
combines with oxygen during burning. The two most common such oxides are 
carbon monoxide, a very poisonous gas, and^ carbon dio.xiide. 

*A heavily shielded container used ta stor^ and/or ship radioactive' matcfrials.' 

A stream of electrons -emitted by thS cathode, or negative electrode, of a 
ga&Klischarge tube ol* by a hot Blaixient-in ti vacuum tube, such as a television^ 
tube, . • 

A reaction that, stimulates its own repetition. In a fission chain reaction, a' 
fissionable nucleus^ absorbs a neutrcm and fissioixs, releasing ad<^ttenal neutrons. 
These in tiim can* be absorbed by^ other fissionable nuclei, releasing still more 
neutrons. A fission chain reaction is self-^u^ining when the number of houtrons 
released in a given time equals or exceeds the nui^ber of neutrons lost by 
absorption in nonfissioning material or by escape from .th&. system*. . 

An^on; an elementary particle that canies a^positive or negative electric charge. 

The determiner of heredity within a cell. 

The outer jacket of nuclear fuel elements. -It prevents cQnosion of the fuel by 
the coolant and the release of fission products into the coolant. Aluminum or 
its alloys, stainless steel and zirconium alloys are common dadding materials. 



A reactor design in Which the primary heat of fission is transferred outside the 
reactor core to do useful work by means of ia coolant circulating in a completely 
closed system that includes a h^tftT^^t^iianger. 

The process of obtaining methamj^Md^^ combustible ga^^from coal, using 
the 'heat of the gas to generate eliMndty, then buming tiie gases to operate a 
steam cycle." 




All the plant an4 animal species that live and interact in a piarticujar environment. / 

^The provision of a gas-tijght .$hell or other enclosure around a reactor to confine 
fission |>roduc^ that otherwise might be released to the atmosphere in the event , 
of an accident. ' ■ • 

♦ • * ■ ' . * , ' ■ *. 

A gas-tight shell or other enclosure around a reactor. . ' 

A rod, plate' or tube containing a material such as hafnium, boron, etc; used to 
control the power of a niKlear reactor. By absorbing neutrons, a control rod ' 
prevents 'the neutjons froim causing further fission. 

. A substance drciilateh through a nuclear reactor to rernove or transfer heat. 
Common coolants are. water, heavy water, air, carbon dioxide, liqtiid sodium and 
* sodium-potassium alloy, 

. * '■ 

A tower designed to aid in the cooling of water that Was itsed to condense die 
steam after it left the turves of .a powejr plant. 

le central portion of a nuclear *reactor containing the fuel elements and usually 
Tthe moderator; but not the reflector.' ' ' . . 

A general designation apfriled to radiation detection instruments or mrsty taiitn 
that detect and measure ndiation. 

The smallest mass of finipnable ni^terial that will ftupport a self-«ustaining chain 
reaction under stated conditions. . . \ 
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criticality 



cune 



Q daugfiter / 

' * . ' / 

• decay chain 

^ ^ decay heat 

. ' *• ■ 

decay, radioactive. 



decbntaifiinajtion 



' detector 



/deuterium 



deuteron-^ 
dose 

dose. equivaleHj, 

dose rate 

dosimeter 
doubling dose 
ecology 



ecosystem 



efficiency 



electron 



The st^tte ofa nuclear leactorNwhen it is just sustaining a chain reaction.-' 

1 (Abbreviation Ci) The basic unit to describe the intensity of radioactivity in a 
s^ple of material. The curie equal to 37 billion disintegrations per second, 
which is approximately the xat^ of decay of 1 gram of radiuiri. A curie is also 

4 quantity of any nuclide having 1 curie of radioactivity. N^ed. by Mai^ie and:: 
Pierre Curie, who discovered radium in 1898.* ^ " ^ *, 

A nuclide formed by the radioactive decay of another nuclide, which in this 
context is called the parent. (See radioactive series:) 

A radioactive series. ^ ' ; \ 

The heat* produced by the decay of radioactive nucHdes, . . • • 

The spontaneous transTtmnation of one nuclide into a differei^ nuclide or intp 
a different energy state of the same nuclide. The process results in a decrease, 
>Wfli'time, of the number of the original radioactive atoms ini a sample. It involves 
the emission from the nucleus of alpha particles, beta particles (or electrons), . , 
QP gamma rays; or the nuclear, capture or ejection of orbital electrons; or fission. ' 
Also called radioactive disintegration. 

The removal- of radioactive contaminei\ts from surfaces or equipment, as by 

cleaning or washing with chemicals. 

h . .". ■ ' . _ . •• 

Mat^ial or device that is sensitive to radiation and can produce a response signal . 
suitable for measurement or analysis, A radiation detection instrument. - 

(Symbol 2h or D) An isotope of hydrogen whose, nucleus contains one neutron 
and one proton and is therefore about twic^,a$^liieavy as the nucleus^ of normal 
hydrogen, which is only a single proton. D^^y^ffHn often referred tc^ heavy 
hydrogen; it, occurs in nature as Ijatom to atoms of nonnal h^rogen. It' 
is nonradioactive^ (Sep heavy watejr.) 

The nucleus df deuteriuipu It contains^ one proton 4nd on^v neutron 

(See absorbed dose, biological dose, maximum pefmissible doseVythreshold 

A' term used to express the amount of effective radiatioivwhen 
have been considered. The product of absorbed (dose multiplied 
multiplied by a distribution factor. Jt is expr^^d numerical]^ 

The radiation dose delivered per lihit time: Measured, for instance 
hour. 

A. device that measures radiation dp.se> such as a fihn badge or ionizati< 

Radiation dose which would eventually' cause a doubling of gene 

The science dealing wj^th th6 reUtionship of all living things with each other 
with their environment.* . • v: ^ # 

A complex of the commum'ty^of living things andv|the environment fdrmiiig a 
functioning whole, in nature. . i 

That percentage of the total energy content of a power plant's fiiel .:wl^ch is 
converted into electricity. The remaining energy is -lost to the environment as 
heat, ^ / ^ ^. I . 

■ ' ' ^' ' * ■ " ... ■ ' ■ , • ■ i . ••■ . 

(Symbol ) Arf elementary particlie with a uhit negative <tog9. and a pijass I/Ui837 
that of the proton. Electrons surround the positiveiy charged ttudeus and* 
determine the chemical properties of the atom« Positive electrons, or positrons, 
also exist for bri^f periods of time as the result of positron decay.. 
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•'electron volt 



element 



eneigy * 

Energy Research and . .. 
; Development Administration. 



enrichment^ . ' ' 
environment 
exclusion area 

excursion 

fast breeder reactor 



fast neutron 
fast reactor 

f^kMe material ^ 

fUni badge 
fissile material 

fission *, • , . 

fission fragments 
.fission products , . . 



(Abbreviation ev or eV) Tlie' amount of kinetic energy gained by an electron ^en . 
it is accelerated through an electric potential of 1 volt. It is equivalent to 1.663 
X 10-12 erg. It is a unit 6^ energy, or work, not of voltage. 

One of the 105 known chemical substances that cannot be divided into simpler 
substances 1)y chemical means. A substance whose atoms all have the same atomic 
number. Examples are hydrogen, lead, and uranium.) Not yy he confused with 
ftiel element. / • . ^ ' ' 

The ability to do work. : - ' 

(Abbreviation £KDj\) The independent executive agency of the federal goverriinent 
yath reisponsibility for numagement of research and development in a\l energy 
matter^^ . 

(See isotopic enrichment) ^ - * 

The total sunoundings of an organism , which act upon it. . . 

An area immediately surrounding a nuckar tea«t6r v^ere humaA habitation is 
prohibited tb assure safety in the event of .ah accident. 

A sudden, very rapii rise in the power level of areactor caused by supercriticality. 
Excursions are usually quickly suppressed by tne negative temperature poefficient 
of the reactor and/or by automatic control rods. 

A reactor thai dpw^es with fast neutrons, and produces more fissionable material 
than it consumes. ^ \- • ; * 

A neutron with kinetic energy greater than approximately J>000,QOp ^ectron volts. 

A-^reactor in which the fission chain reaction is sustaiiied prirtiarily by fast neutrons 
rather than by slow-moving neutrons. Fast reactors Contaiin lititle or nd moderator 
to slow down the neutrons from the speeds at which they ar^^ected from 
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fissioning nuclei. 

•A material, not itself fissionable by thermal neutrons, vw^^ can be converted 
into a fissionable niaterial by inadiation in a reactor. Thc^\are t^o basic fertile 
materials, uranium-238 and thoriunb232. When these fci^c materials capture 
neutrons, they are partially cbnverted into fissionable v plutonium-239 and 
uranium-233, respectively. - \ 

A light-tight package of photographic film worn like a badge li^ workers in nuclear 
industry or research, used to measure exposure to ionizing rad^tibn. The absorbed 
dose can be calculated by the degree of fihn darkening caused by the ilrradiation. 

While sometimes used .as a synonym for fissionable nuterial, ijiis tcrin.has also^ 
' acquired a more restricted meaning; lianidy, aiiy material fissioi^bte by; ttcutrons 
of all energies, including thermal (slow) neutrons as well as faat neutrons. The 
three primarily fissile materials are uranium-233, urartiunw^^S anavplutonium-239. 

The" splitting of a heavy nucleus into twd approximately cc^ial pajtts (which are 
nuclei of lifter elements), accompained by the release of a rclativelyjarge amount 
of energy and generally one of more neutrons, Fission can occur s|^taneotuly, 
•but usually is. caused bynudear. absorption of gamma rays, neutrqM or other 

particles.; ^ '''' 'V.-' ' . •■ 

The two or more nuclei ^ch are formed by the fission of a nucleiJ». Alidrcferrcd. 
to as primary fission products. They are of medium ifcmi&syeight,\^^ 
radioactive. ' . ' 

The nuclei (fission fragments) formed by thc^fis^n of heavy elements, pi 
nuclides formed by the fission fragments>w[jpactivc 4^ 
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fissionable material 



flux (neutron)' 

fly as^ ^ 
, food chaiii . 
fossil fuel 



fuel (nuclear) • 
fuel cycle 

fuel element 

fuel reprocessing 
fusibn 

gamma rays 



gas cooled reactor 

gaseous din'usion 
(plant) \ 



Geiger-Miillier 
counter 



genetic effects of 
radiation 

genetically significant 
• dose . 



Commonly used as a synonym for fissile material, demeaning of this termfhas 
also been extended to include material that can be flssioned by fast neutrons 
only, such as ur^nittm^238. Used in reactor operations to Qiean fuel. 

■'A measure of the* intensity of neutron radiation. It is the* number of neutrons 
passing thrpugh one square centimeter of a given tdrget in one second. Expti&sse^ 
as n X V/ where n =^the number of neutrgns per cubic cei\Jimet and v ^hly g 
velocity in centimeters per second, , ^ 

Srftall particles of ash produced by the 1)uming . of fuels. They are dispersed bp , 
the smoke stack and may be carried some distance befere they settle to the earth., 

The path way j by which any mVterial (such as radioactive material from fallout)' 
^ passes from the first ' absorbing Organism through plants and animals^ to humans. 



Naturally occurring substances del: 
ages past. The bodies of these long 
fuels which can be burned, such 



;d from plants an^ animdls. which lived in 
i^ad organi^ntf have become oui^'-recoverable 
lignite, coal,* oi) and gas. * 



Fissionable material used or usable tbVproduce energy in a reactor. Also, applied 
to a mixture^ such as natural uranium, m v/hidi only paVt of the atoms are readily 
fissionable, i]f the mixture can be. inadX tpr sustain a cf^ain reaction. ' 

The series of steps involved in supplying fud for nuclear power reactors. It includes 
mining, refining, the original fabrication or\fuel elemlints, their use in a reactor, 
chemical processing to recover the fissipnable material remaining in the spent 
fuel, reenribhment of the fuel material, and refabrication* into new fuel elements. 

A rod, tube, plate or other iriecHanical shape or fomi into which liuclear fuel 
I fabricated for use in a reactor. (Not to be CQnfused with element.) : 

The . pf ooessing of reactor fuel to recover the unused fissionable material. 

The formation of a heavier nucleus from twp. lighter on^s (such as hydrogen 
isotopes), with the attendant releasei of energy. 



(Symbol i)^) High energy, short wavellength electromagnetic radiation originating 
in the nucleus. Gamma radiation frequjsntly accoipi^niies alpha and beta emissions 
and always accompanies fission. Gampia rays ar<5 Very penetrating andiaite best 
stopped or shielded against by dense materi^s, such as leadj)r depleted uranium. 
Gamma rays are essentially similar tp\ x-rays, but fre usually more energetic. 

\ . . ' ■ ^ 

A nuclear reactor in which a gas is the coolant. 

A method of isotopic separation based on the fact that gas atoms or molecules 



with di^erent masses wfll disuse throuj 
different rates. The method is used by 
uranium-238; it requires large gaseous diff 
electric power. 



a porous barrier (or membrane ) at 
le AJEC to separate uranium-235 from 
ision plants and enormous amounts of 



A radiation defection and measuring instrument. It consists of a gas-filled 
Geiger-Muller tube containing electrodes, between which there is an electrical 
voltage bu^ no current flowing. When ionizing radiation passes through the tube, 
_a short, intense pulse of current passes from the negative electrode to the positive 
; , electrode' and is measured or counted. The number of pulses per second measures 
^'fth^ intensity of radiation: It ^s fuuned for Hans Geiger and> W. Midkr who 
iii^ented it in the 1920s. It is sometimes called simply a Geiger counter, or a 
G-M counter^^^ 

Radiation effects that can be transferred from parent to ofTspring. Any 
radiationoused changes in the ^genetic material of sex cells. 

A population-averaged dose ^irfiich estimates the potential genetic fffeicts of 
radiation on future generations. It takes*into consideration the number of people 
in various age groups, the average dose to the reproductive organs to ^ch people 
in these groups are exposed, and their expected number of future children. 
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graphite (reactor 
grade) 



half life 



V ^half lifer " 
' - biological 

I • half life, effective 



half-thickness 
health physics 
heat exchanger 
heat sink ^ ; 
heavy wat€ir. 



heavy water moderated 
reactor ^ . 



hydrocarbons 



hydroelectricity 



induced radioactivity 



intensity 
ion ' 



ionization 



ionization chamber 



ionization event 



A vety- pure form of carbon used as a moderator in nuclear reactors. 

The tinie in which half the atoms of-a-partibtHar radioactive substance disintegrate 
to another nuclear forrn..M6asured-half . lives vary froni millionths of a second 
to billions of years. Also called physicsd half life. (See decay, radioactive) 

,(See biological half life.) • ^ 

The, time requi^d for a radionuclide contained in a biological system, such ^s 
a human or ah animal, to reduce :its activity by half as a combined result of 
radioaptive decay and biological elimii)^on. (Compare biological half life and half 
life.) • • ^ 

The t^ckness of any 'given absorber that will reduce' the. intensity of abeam 
of radiation to Qne^alf its initijj vilue. a x.. 

Iliis;^science concerned with recognition, evaluation and control of -health hazards 
from ionizSig.; radiation* ; . 



Any device that transfers heat from one fluid (liquid or gais) to another or to^^ ' 
the environment. , . * 

Anything that absorbs heat; usually part of the environment, such as the air, 
la river or outir space. 

(Symbol P26)'Vater containing significandy more t^ natural pr^rtions • 
(one in 6500) of heavy hydrogen (deuterium) atoms to ordinairy hydrogei\ iatoms. 
Heavy water is used as moderator in some reacted because it slows down, 
neutrons effectively and also has a low cro^ section- fc^ absorption of neutrons. 

A reactor that uses heavy water as its moderator. Heavy water is ah excellent 
moderator and thus permits the use of inexpensive (unenricHed) uranium as a . 
fuel,. ■ ' • ^ , , ;.■ .■ •;■ . ' . 

Compounds .composed bi hydrogen and carbon. These occur in petroleum, natural 

gas and coal. ' . 

Electricity produced frbm the energy of falling water. Danwiicdwatcr is used to^^^ 
turn turbines located below the.^dam. . ' 

'V, : ■ * 

Radioactivity that is created wUen substances are bombarded with neutrons as 
from a nuclear explosion or in a reactor, or with charged particles and photons 
produced by accelerators. » / 

The energy or the number of photons or particles of any radiation incident upon 
a unit area or flowing through a uiiit of solid materiil/^!"' unit of time^In 
connection with; radi9activity, &e nuniber of atorhs disinte^atihg per unit of tim^. 

■ * ' ' ■ ^ ■ ' ■' ' - ■'■ ■ • • ■ ■ ' • . . ' ' 

An atom or molecule that has lost or ^dned one or more electrons. By this 
ionization it becOfnes electr^paOy charged:' Examples: an alpha pahicle, which is 
a helium a^pmminus two electrons; a proton, which it hydrogen atom minus. ; 
its electron. ' ^ a t ^ , . , * 

The process of adding one or mor^ electrons to, or removing one or more electriCMis 
from, atoms or molecules, thereby ^eating;, ions. High temperatures/ electricfl 
discharges, or nuclear radiations can cauie ionization. 

An instrument that detects itod 'mQUura Ionizing radiaticmi by measuring the ; 
electrical current that flow;, when radiation ionizes gas iii i chamber, mkiij^^ 
gas a conductor of the electricity, l-: -y'X 

An occurrence in which an*ion or group of ions is produced; for example, by / 
passage of a charged partide ttirou^ inatter. ^ 
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ionizing radiation 

irradiation 
isotope . ^ 



isotope separation > 

isQtopic enrichment 

kilowatt hour - 
. kilo- ^ • 

' lethal dosCv 

low populatioii zone 

magnetic bottle 
magnetic'mirror 
. niass ^ 
"^^^ mass-energy equation 



if 



K 



matter 



maximum credible 
accident^ 



Any radiation capable of displacirig electrons from atoms or molecules, thereby 
producing ions.. Examples: alpha, beta, gamma radiation, shdrt-\^ve ultraviqlet 
light. Ionizing ra^tion may produce severe skii\ or tissue damage. 

Exposyre to radiation; as in a nuclear reactor. * * 

One of t\yo or nfore atoms with the same atomic numbqB^,(the same chemicat 
^element) but with different atomic weights. An equivalent Vtatement is that the 
nuclei of isotopes have the same number of protons, but different numbere of 
neutrons. Thus carbon-12, carbon-l? and carbon^M are isotppes of {he element- 
i carbon, the numbers denoting the approximate atomic •wei^tSv Isotop6s.^$yalIy. 
nave very nearly the same chemical properties, but someVlihat .different physical 
^ [Properties. ^ ' ' • 

The process of separating isotopes from one another, or chariging theur relai 
abundances, as by 'gaseous diffusion Tor electromagnetic separation. Isot 
separation i$ a step in the^ isotopic enrichment process. y 

A process by *which the relative .abundances of the isotopes of a given element 
are altered, thus producing a form of the elem^t M^ch has been enriched in 
one particular isolope and depleted in its other isotopic forms! 

One kilowatt of electricity expended for one hour. v 

A prefix that multiplies a basic tinit,by 1000. 

^ of ionizing radiation sumcient to cause death. Median lethal dose (MLD* 
V ^ required to kill within specific period of time (usualty 

' ^y^haif of the individuals in a large group of organisms similarly exposed 

j^j^f^tfhe. 0-60130 for man is about 400,000 to 450,000 mrem. 

*f^f\j/i' ift^ of low population density sometimes required arouni a nuclear 
installation. The^number and density of residents is of concefnieu providing, with 
reasonable probability, that feffectivj^^ protection measures can weaken if a serious 
accident should occur. f^ • , 

A magnetic field used to confine or contain a ^plasma in controlled fusion 
(thermonuclear) experiments. 

A magnetic field used in controlled fusion experiments to reflect charged particles 
. back into the central region of a magnetic bottle. 

The quantity of matter in a body. Often used as a synonym for weight, M^ch, 
strictly speffking, is the^force exerted on a body by the earth. 1 

The statemient developed 'by Albert Einstein, German-bom American physicist, 
. , that the mass of a body is a measure of its energy content, as an extension of 
his 1905 special theory of relativity. The statement was subsequently verified 
experimentally by measurements of mass an^ energy in nuclear reactions. Thfc 
equation, usually given is E = mc2^ shows that v*4ien the energy of a body changes 
by an amount E (no matter what form the energy takes), the mass, m, of the 
body will change by an amount equal to E/c2. The factor c2, the square of the 
speed of light in a vacuum, may be regarded as the conversion factor relating 
units of mass and energy. The equation predicted the possibility of reletting 
enormous ampunts of energy by the conversion of mass to energy* It isalso called 
the Einstein equation. ^ • ' . " 

^ ^ Thfe substance of which a physical object is composed. All materials in the universe 
h^ve the same inner nature, that is, they are composed of atoms, arranged in 
different (and often complex) ways; the specific atoms and the specific 
arrangements identify the. various materials. 

The most serious reactor acicident that can reasonably be imagined from any 
'J adverse combination of equipment malfunction, operating errors and other 
W ,. foreseeable ^uses. The terfA is used to analyze the safety diar^cteristics of a 
reactor. Reactors are desipied to be safe even if a maximum credible accident 
should occur/ 
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maximum p^missible v 
dose , i 



mean life 

median lethal dose 
' mega* 
' Mev 

miyi-t ' ^ 

modeiator 



ilcpuic 



moJ 



mutation - ' 

naUiraLl\ radiation or 
natural radioactivity 

natural uranium 



neutron 



neutron capture 
nitrqgerv oxides 



nuclear energy 
nuclear power plant 

■ ■ 7 • . ■ 

nuclear reaction 

.'••bS*. , 

. ■ ■ . ,1; 

ni^clear reactor 



That dose of ionizing radiation established by competent authorities as ainount 
*i>elQw which there is no reasonable expectation of risk to human health, and 
v^Ch at the same time is somewfiat below the lowest level at which a definite 
hazard is beiieved^to' exist (See radiation protection guide). 

^The average time during Which an atom, £\ excited nucleus, a radionuclide of 
a' particle exists in a ^particular form, * ^ 

(See lethal (lose.) ^ ^ , ^ - 

A prefij^ that multiplies a basic unit by 1,000,000. ^ . . 

One million (10^) electron volts. Also written as M^V.^ 

A' prefix 'that ngiltipUes, a 1)asic unit by 1/1000. 

A material,' such as ofdinary water, heavy water, or graphite, used in a reactor 
to slow down hi^ velocity neutrons, thus increasing the likelihood of further 
fission. . 

A group of atoms held together by chemical forces. The atoms in the molecule 
may be identical, as in H2,S2, and Sg, or different, as in H2O and CO2. A molecule — 
is the smallest unit of act)mpound vAdzh can exist by itself and retain all its 
chemical properties. XCompare atom, ion.) n » 

A permanent transmissible change in the characteristics of an offspring from those 
of its parents. ► * . 

■ ; , . „, , : x/' 

Background radiation. 

Uranium as found in nature. It contains 0.7 per cent jfJxxi^l^^^S, 99.3 ptt 
cent of uranium.238 and a trace of uranium-234. It is ms^ <»lfell^^ 

(Sjjmbol'n) An uncharged elementary particle witllP ay masr«4^ 
that of the proton, and foJhd in the nucleus of every ^tom heavier than 
hydrogen-1. A free neutron is unstable .and decays with a half life of about 13 
minutes into an electron, proton and neutron. Neutrons sustain thb fi^on -chain " 
reaction in a nuclear reactor. . i 

The process in which an atornic nucleus absorbs 01^ captures a ii[eutron. 

Compounds of nitrogen and oxygen ^ch may be produq^ by the burning of 
fossU fuels. Veryvharmful to health, and may be important in the formation of 
smogs. , . ; 

The energy liberated by a nuclear, reaction (fission of fusion) or by radioactive 
decay. ' ^ ^ * 

Any device, machine or assembly that converts nuclear energy into some form 
of usef\il power, such as mechanical^or electrical power. In a nuclear electric power 
plant, heat produced by a reactor is generdUy used to make steam to drive a 
turbine that in turn drives an electric generator. 

A reaction involving a change in an atomic nucleus, such as fission, fusion, neutron ' 
capture, or radioactive, deoiy, as distinct from a chemical reaction, which is limited 
to changes in the electron structure surrounding the nucleus. 

A devise in which a fission chain reacUpn can be initiated, maintained and 
controlled. Its essential component is a core with fissionable fuel. It usually has 
a moderat()r, a reflector, shielding, coolant aiiA control mech^nisnis. Soriietiilies 
called an atomic furnace, it Is the basic madilne of nuclear energy. 
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Nuclear Regulalory 
Commission ^ 

nuclear 'super-}ieating 



nucle 
nucleonics 
nucleus 



nuclide 
r 



1 



parent' 

particulates . ' * 
^rniissible dose 
personnel monitoring 

photon ^ 
physical half life . 
pig 

'pile 

Plowshare 

plutonium 

pollution 
pool reactor 

population density 
positron 



(Ajbbreviation NRC) The independent' federal conuniss^in which liccnses^^and 
regulates , nuclear facilities. , ' 

Superheating the fsteam proAdfed in a reactor by*\isine additional heat from a 
reactor^. Two methods 9Xt comEbnly employecf: recirculating the /^eam through 
the same core in which it. is/first produced (integral superheating)lor passing the 
steam through a second and separate .reactor.^ L 

A constituent of an atomic nucleus, that 'is, a proton or a neutroh. 

The science and technology of nuclear* energy and its applications. . 

The small, positively charged cbie of an atom. It is only about 1/10,000 the 
diameter ^of the atom, but contains nearly all the atom's mass. All nuclei contain -- 
both protons and neutrons, except the nuclfeus of ordinary hydrogen, wjiioK': 
consists of a single proton. * * , \ 

A general term applicable to all atomic forms of the elements. The terrh is often 
erroneously used as a synonym for isotope, which properly has a more limited 
definition. Whereas isotopjss are the various forms of a sin^e element (hence are 
a fanfiily of nucUdes) and all have the same atomic number and number of protons, 
•njiclides comprise all the isotbpic forms of all' the elements. Nuclides are 
distiriguished by their atoWc number, atomic mass, and eitcrgy state. ; 



A radionuclide that upon radioactive decay or disintegration yields a spec^ 
nucUde (the daughter), either directly or as a later member of a radioactive series. 

Smjil particles of solid niaterial produced by burning of fuels. 

(See^maximiim permissible dose.) 

Determination by either physical or biological/measur^ent of the amoJ^t of 
ionizing radiation to which an individual has been^exposed, such as by measuring 
the darkening of a film badge or performing a ^ladon breath analysis. 

Electromagnetic radiation. 

(See half life.) - . - ' P . . V 

A heavy shielding cont^ner (usually lead)^tfjil^d to ship or store radioactive 
materials. . % , >a ^ 



Ofd,term for nuclear reactor. This name was us^d b^ause the 'iirst 4'eactor was* 
built by. piling up graphite blocks- and natural^ ur^uih/ . 

The Atonuc Energy Commission program of research and development on peacieful 
uses of nuclear explosives. The possible uses include large-scale excavation,. such 
as for canals and harbors, crushing ore bodies and producing heavy transuranic 
isotopes. The term is based on a Biblical reference, Isaiidi 2:4. , 

(Symbol Pu) A heavy, radioactive, man-made metallic element with atomic number 
94. Its most important isotope is fissionable plutonium-23?, produced by neutron 
inadiati(Ai of " uranium-238: It is used Jorj:yactor fuel and in, weapons. 

The addition of any undesirable agent to an ecosystem. 

t- . . • ■ . 

A reactor in which the fuel elements are suspended in a pool of water that serves 
as the reflector, moderator and coolant. Bopularty caUed a swimming pool reactor, ^ 
it is usually used for research and trainings 

The number pf persons per unit area (usually per square mile) who inhabit an 
area. . . / ' 

A subatomic paiticle with the mass of an electron but havingf^a positive charge 
of the same magnitude as^ the electron*s negative charge. 
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power reactor 



pressure vessel 



pressurized water 
Reactor - V; ' 



primary fission products 
, protection ' * 

quality factor 



rad 



radiation 




radiation area 

radiation biirn 
radiation damage 
radiation detection instrumerri 
radiation monitoring 

radiation protection 



radiation protection 
guide * 



radiation diielding 
radiation source 



A reactor desired to produce useful nuclear power, as distinguished from^reactors 
^ used priraijuly^for research^ for producing radiation or fission^e matefials^or 
for reactoB^orhponent testing. ' . * > * 

A strong-walled container housing tH^ore of most types of-po>yer reactofs;it 
usuaHy afeo* contains moderator, reflect^, thermal sWeld and control rods. 

»A power r^tor .in which heat is transferred from the core*to a lieat exchanger 
by water kept under iiigh pressure to achieve high teinperature without boiling 
in the primary system. Steam isygenerated in a secondary circuit. Many reactors 
producing electric power are pressurized water reactors. 

Fission fragments, • . * ) 

Provision^ to "ceduce*^ exposure of persons to radiation, example, protective ; 
barriers to reduce external radiation or measures to prevent inhiation of 
radioactive materials. 

A Jwflion billion Btu's of energy (lOl^. Btu). 

he factor by/:which absorbed dose is to be mAltipUedfj obtain a qu2ft#tity that 
ekpresse$, on a common scale of dl ioniang radiation$, the irradiation incurred 
by exposed persons. It is used because some types of radiation Such as alpha 
articles ar(B more.l)ioiogipally damaging than other types, 

(Acronym for; ra'diation absorbed ' dose)* The basic unit of absorbed dose of 
ladiation. A , dose; of one rad means the absorption .of 100 ergs of radiation energy 
per grani of absorbing material, . 

The emission iand^ propagation Of energy through matter or space by means of 
(slectromagnetic disturbancei \*iidi display both wave-like and part icle4ike 
behavior; in this context the particles are known as photohs. Also, the energy 
so propagated-The' term ims been extendrfd^to include streams of fast-moving 
particles (alpha and beta particlesi- free neutronsXc^^ radiation, etc). Nuclear 
radiation is that emittedtrom atomic Auclci Vjyanous nuclear* reactors, including 
alpha, beta and gamma radiation and i^eutrons, n 

Any accessible area in which the level of radiation is such Uiat a majoir-^rtion 
of an individual's body cojjld receive in any one hour a dose in excess of 5 millirem, 
or in any five co/is^cutive days a dose in excess of 150 millirem. 

Radiation damage to the skin. 

A general term for the . harmful effects of radiatio,n on matter, ♦ 

DevicQS that detect and record the characteristics of ionizing radiation. 

Continuous or periodic determination of the amc^unt of radiation present in a 
given area. v . . ^ 

. * ' 

Legislation and regulations to pof^c't the public and laboratory or industrial 
workers against radiation. Also measures to reduce exposure to riadiation^ 

The officially determined radiation doses which should not be exceeded without 
careful consideration of the reasons for doing so. These are Equivalent to the 
older term m^mum pemusiable dose. 

Reduction of^radiation by interposing a shield of absor6ing material ^twecn any 
radioactive source and a person, laboratory area or radiatton^hsitive device. 

Usually a man-mdde sealed sburce^f radioactivity used in teletherapy, radiography, 
as a power source for batteftes, or in various types of industrial gauges. Madiines 
such as accelerators and radioisotopic generators and natural radionuclides may 
also be considered sources. ' * * 
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radiation standards 



jnipation sterilization 

radiation warning symbol 

radioactive « 
radioactive contamination 



radioactive dating 



/ radioactive isotope 

• , \. . radioactive series 

■ - is'^ . . 

*■ '', 

. , ;> radioactive waste 

■ . ' ■ 

' / - T2»<Uoactivity ^ ^ 

' I ' • ■■ '■ 

t** * \ riiiioecoldgy 
radioisotope 

radioisotopic generator 



radiology 



radiomutation 



radioresistance 



radium 



radiQsensitivity 



Exposure standards, permissible concentrations, rules for s^eiiandUng, regulations 
for . transportation, regulations for industrial control of<^^ation and control of 
raiidiation by legislative means. (See radiation protection, radiation protection 
guide.) \ ' , . • 

Use of radiation to cause a plant or animal tp become sterile, that is, incapable 
of reproduction. Also, the use of cadiation to kill all forms of life (especially 
bacteria) in food, ^tir^cal ^sutures, etc.* 

An officially prescribed symbol (a magenta trefoil on a yellow backgroufid) which 
should be displayed Mf4ien a radiation hazard exists. 

Exhibiting radioactivity or pertaining to radioactivity. 

Deposition of rMoactive material in any place where it may harm, persons^ spoil 
experiments or make products or equipment unsuitable or unsafe for some specific 
use. The presence of Unwanted radioactive material found on |he walls of vessels 
in used-fuel processing plants, or radioactive material thaihas leaked into a reactor 
coolant. Often referred to only as ^ contamination. \ 

A technique' for measuring the age of an object or sample, of material by 
determining the ratios of various radioisotopes or products of radioactive decay 
it contains. For example, the ratio of carbon-14 to carbon-12 reveals the, 
approxidtate age'cff bones, pieces of wood, or other archaeological specimen that 
contain- (carbon extracted ^otn the air at the time of their origin. 

A radioisbtope. . ' - 

A succession of nuclides, each of which transforms by radioactive disintegration 
into the next untO a stable nuclide* results. The furst member is called the parent, 
the intermediate members are called daughters, and the final stable member is 
called the end product. .;. 

(See waste, radioactive.) ^ 

The spontaneous decay or disintegration^ of an unstable atomic nucleus, usually 
accompanied by the emission of ionizing radiation. (Oftea shortened ^ctivity.) 

The body of knowledge aild the study of the effects of radiation on species of 

plants and animals, in natural conmiunities. . * « 

* .■ " . ■' 

A radioactive isotope. An unstable isotope of an element that decays or 
disintegrates spontaneously,' emitting radiation. More than l300 natural and 
artificial radioisotopes have been identifijpd. 

A small power generator that converts the heat released diuing radioact|ye depay 
directly into electricity. These generators generally produce only a few watts of 
electricity and use thermoelectric or thermionic converters* S6me also .function 
as electrostatic converters to produce \ small voltage. Sometimes caUed an atomic 
battery. / . * , s 

■ ' , ■ ■ * ■ 

The science which deals with the lise of all forfns of ionizing radmf ion in the , 
diagnosis an4 treatment of disease. y 

A permanent transmissible change in form, quality or other characteristic of a 
cell or offspring from the characteristics of its parent, due to radiation exposure. 
(See genetic effects .of radiation, mutation.) 

A relative resistance to cells, tissues, organs, or organisms to the injurious action 
of radiation. (Compare radioresistance.) . 

{Symbol Ra) A radioactive me^c element with atomic number 88. As found 
in nature, the most conunori isotbpe has an atomic weight of 226. It occurs in 
minute quantities associated with uranium in pitchblende, camotite and other 
minerab. ■ ^ 
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A relative susceptibility of cells, tissues, oigans or 
action of radiatioft. (Compare radioresistance^ 
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radon 



reactor 



recyclmg 



reflector 



regulating rod 

relative biological 
effectiveness (4l6E) 



rem 



rep 



reprocessing 
roentgen 



roentgen eqiiiv9^e\t, itian 
roentgen rajjf . \j 
safety rod 
scaler 

scram 

shield (shielding) 
smog 

smoke 
solar energy 



somatic effects, . ^ 
radiation 



(Symbol Rn) A radioactive element, one of the he^est gases kiiown. Its atomic^ 
number is 86, and its atomic^ wei^t is 222. Itis a daughter of radium in. the. 
uranium rad[ioactive series. ** % . 

(See nuclear reactor.) ■ ■■'i ^ 

•The reuse of fissionable material, after it has been recovered by chemical processing 
from spent 6r depleted reactor fuel; reenriched and then refabricated into hew 
fuel elements. 

A layer of material ir^mediately surrounding a reactor core which scatters back 
or reflects into the core many neutrons that would otherwise escape. The returned 
neutrons can then cause more fissions and improve the neutrpn economy of the 
reactor. Common reflebtor materials are graphite, beryllium and natur^ uranium. 

A reactor control rod used for making frequent fine adjustment in reactivity. 

A factor used to compare the biological effectiveness of different types of ionizing 
radiation. It is the, inverse ratio of the amount of* absorbed radiation, required 
to produce a given effect^ to a standard or reference radiation required to produce 
the same effect. 



^ {^ztSh^ of roentgen equivalent man.) The unit of dose of any ionizing radiation 
wkich ^rgduces the same biological effect as a unit of absorbed dose or ordinary 
A-rays. The RBE dose (in rems) = RBE x absorbed dose (in rads). 

(Acronym for roentgen equivalent physical)Mn obsolete unit of absorbed dose 
of any ionizing radiation, with a magnitude of 93 ergs, per gram. It has bjeen 
superseded by the rad. , 

Fuel reprocessing.^ , 

(Abbreviation r) A unit of exposure to ionizing radiation. It is tha^^ount of 
g^mma or x*rays required to produce ions carrying I electrostatic unit m electrical 
charge (either positive or negative) in 1 cubic centimeter of dry air under standard 
conditions. Named^after Wilhelm Roentgen, German scientist who discovered x<ays 
in 1895. \ . ^ 

(See rem.) 

X-rays. 

A standby con^ol rod used to . shut down a nuclear reactor rapidly in emergencies. 

An electronic instrument for rapid counting of radiation-induced pulses from 
Geiger counters, or other radiation detectors. It permits rapid counting by reducing 
by a .definite scaling factor the number of piuses entering the counter. 

Tfie sudden, shutdown of a nuclear reactor, usually by rapid insertion of the safety 
rods. Emergencies or deviations from nornikl reactor operation cause the reactor 
operator or automatic control equipment to scram the reactor. 

A body of material used to re^ce the passage of radiation. 

A mixture of smoke and fog. A fog made heavier and usually darker by smoke 
and chemical fumes. 

Suspension of small particles in a gas. 

► ■■ » ■ . • 

T1& energy, produced by the fusioh reaction occiirrii^ on the sun, which reaches 
the earth as radiant Energy. This enprgy may be converted into heat or electricity 
by physical devices. 

^ Effects of radiation limited to the exposed individual, as distinguished ffom genetic 
%ffects, which also affect subsequent unexposed generations. Large radiation doses 
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spent (depleted) fuel 

spill 
stable 

^table isotope ^ . 
subcritical assembly 

subcritical mass 

supercritical reactor 

superheating 

survey meter 

sulfur oxides 

thenifal breeder reactor 
> thermal pollution 

thermal reactor 
thermal shield 

* thermonuclear reaction 

threshold dose 
tracer, isotopic 



can be fatal. Smaller doses may make the individufl noticeably ill, may merely 
produce temporary changes in blood-cell levels de^tectable 9nly in the laboratory^ 
or may producer no detectable effects whatever. Also called physiological effects 
of radiation. (Compare genetic effects of radiation.) 

Nuclear reactor fuel that has been ^radiated (used) to the extent that it can no 
longer effectively sustain a ch^n reaction. 



The accidental releasfe of radioactive material. . * 
Incapable of spontaneous change. Not radioactive. , . . 

An isotope that does not undergo radioactive decay. . 

* • \ \ . 

A reactor consisting ef a mas3 of fissionable material and moderator which cannot 
sustain a chain reaction. Use^ primarily for educational purposes. 

-An amount of fissionable material insufficient in quantity or of improper geometry 
to sustain a fission *chain reaction. . * ^ , 

A reactor in which the pdwer level is increasing. If uncqntrolle||, a supercritical 
reactor would .undergo an excursion. 

The heating of a vapor, particularly steam, to a temperature much higher than 

the boiling poii\t at the existing pressure. This is done in power plants to improve 

efficiency and to reduce condensation in the turbines. 
• * 

:^y portable radiation detection instrument especially adapted for surveying or 
inspecting an area to establish the existence and amount of radioactive material 
present. , ^ 

Compounds composed of sulfur and oxygen produced by the burning of sidfur 
and its compounds in coal, oil and gas. Harmful to the helath of man, plants 
a^d animals, and may cause, damage to materials. 

A breeder reactor in which the . fission chain reactor is sustained by therrhal 
neutrons. 

Raising the temperature of a body of water such as a lake or stream to an 
undesirable level by the addition of heat. This heat may change the ecological 
balance of* that body, of water, making it impossible for some types of life to 
survive, or it may favor the. survival of other organisms, such as algae. 

A reactor in ^ch the fission chain reaction is sustained primarily by thermal 
neutrons. Most, current reactors are thermal reactors. 

A 'layer or layers of high density material located within a reactor pressure vessel 
or between the vessel and the biological shield ta reduce radiation heating in the 
vessel and the biological shield. 

A reaction in which very high temperaturj|s adlchw the fusion ,of two light nuclei 
to form the nucleus, of a heaviet atom^ rdeaSuag a large amount of energy. In 
a hydrogen b</mb, the high temperature to initiate the thermonuclear reaction 
is produced by a t>reliminary fission reaction. 

T^e minimum dose of radiation that will produce a detectable biological effect. 

An isotope of an element, a small amount of which ma^ be incorporated into 
a sample of material (the carrier) in order to follow (trace)- the course of that 
element through a chemical, biological or physical process, and thus, also fpUdw 
the larger .sample. The tracer may be radioactive/ in ¥^ch case observatiojiis are 
made by 'measuring the ^dioactivity. If the tracer is stable, mass Spectrometers 
or neutrons activation analysis may be employed to determine isotopic 
composition. Tracers also are called labels or tags, ai^d inaterials are said to be 
labeled or tagged i^en radioactive tracers are incorporated in them. 
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turbini 



unstable isotope 



uranium 



?4 



I- 



uranium enrichme[it 
waste, radioactive 



watt 



whole- body pointer 
x-ray 



A^rotary engine made with a series of curved vanes on a rotating spindle. May 
v be actuated by a. current of fluid such as water or steam. 

./ ■ . ' • 

A radioisotope. ^ ■ 

■r ■ . ' . 

(Symbol U>-A radioactive -element with the atomic number 92, and as fourtd 
in natural ores, an average atomic weight of approximately 238. The two principal 
natural * iiotopes are uranium-23S (0.7 per pent of natural uranium), which is 
^fissionable, and uraniu'm-238 (99.3 per cent of natural uraniumi), whic)i is fertile. 
'' Natural' uranium' also includes a minute amount of uranium-234. Uranium is th$ 
basic raw material of*nuclear energy. 

J" • , r 

, '(See isotopic enrichment.; ' 

Equipment and materials from nuclear operations which are radioactive and for 
^ch there is no further use. Wastes are generally classified as high-level (having 
radioactivity concentrations of hundreds of thousands of curies per gallon or 
cubic foot), Ipw-level (in the range of T microcurie per gallon or cubic foot), 
or intermediate-level (between these extremes,) . , 

■ . ^ 

A unit' of power equal to one joule' per second 

' A device used to identify and measure the radiation in thp body (Body burden) 
of human beings and animals; it uses heavy shielding to keep out background 
radiation and ultrasensitive scintillation detectors and electronic equipment., 

A penetrating form of electrcunagnetic radiation emitted either when the inner 
orbital electrons of an excited atom return to their normal state (these are 
characteristic x-rays), or when a metal target is bombarded with high speed 
•electrons (these are bipemsstrahlung). X-rays are always nonnuclear in origin. 
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APPENDIJ^JII 
A DiECISION MAKING MODEL 



the reader has been confronted with 
numerous issues regarding the conflict between 
enjoying the sypposed benefits of a technological 
society and reducing the quality of our envitpnment 
to intolerable levels. Decisions to resolve the conflict 
must be made; they will be made. If knowledgeable 
.people refuse to make these ' .ciecisions, less 
knovyledgeable persons will. The attitude^ of letting 
George do it is a gross sWriciiag of responsibility. 

But how does a* person with a taste ; of 
knowledge about the problem (such as that acquired " 
thVought this minicourse) make such decisions? How 
does he evaluate the available data? How does he 
know when Ihe has surveyed all the data? How does 
he test for logical inconsistencies within the reports? 
.The problem of analyzing large sets of information 
and formulating workable solutions to problems . 
perceived is one of the most mind-boggling and 
difficult endeavors of the human mind; it is also one 
of the most rewarding! 

A model or guide to .this decision-making 
process is presented in Figure 25. This model is . 
presented in the form of an instructional flowchart 
and suggests things to do (rectangles) and includes 
. aucial questions (diamonds) which help pinpoint 
errors in interpretation of the data and conclusion! 
The rectangles and diamonds are logically 
interconnected by arrows which suggest which way ta 
proceed. / ^ 



Each of the main points in « the flowchart, 
requires a brief explanation. First, one enters the 
"intellectual process 'with an awareness of 
. environmental problems of electrical generation and 
an interest in the identification of solutions to thfese 
problems. 

> Stag5 1. Survey your knowledge of ppwer sources and 
the environment to acquire factual information and 
'the * understanding of t|}e basic issues involved. 
Completion of the minicourse is useful here. 

Stage 2. Identify questions you may have aboutfthe 
issues for further refinement and analysis. ^ ] 

Stage 3. -Have others raised similar questions? 
Answering this- question can provide access to 
discussions of the issue which have alre^^y been 
completed and tends to reduce the phenomenon of 
re-inventing the wheel. In addition, the knowledge 
that you may be raising a relatively new question 
can an enli^tening and rewarding experience. 

Note: Diamonds represent decision in the form of 
questions which lend themselves, to Yes, No,; or ? 
answers. The patji one takes tjjirough the flowchart 
is deterrmned by the answer to the question. 

3tage 4.* Have solutions been posed? If Stiage 3 has 
been ans^red in the affirmative, we now btegin to 



invegigate the merits of the solutions. 

Stage 5. Are solutions based on solid evidence? If 
Stage 4 has been answered in the affirmative, we can 
now ask if there is substantial and lo^cal evidence 
to support the solution under question. 

Stages 6-9. A negative response in either Stage 3 ^ 4 
or 5 directs the decision-maker into the key branch 
of the flowchart. Stjige 6 directs the learner to survey 
information related to the problem* (pf solution), or 
to examine specific issues which relate to the problem 
under considerati^. Caution must be used here to 
avoid the tempration of switching to a related ^ 
jjroblcpi. Stick to the issuie at hand! In stage 7, list 
alternative solutions to the ' problem. That is, 
determine, without «xccssiVfe evaluation at this point, 
if there are other possible solutions to the problem. 
In Stage 8, start the process of evaluating the main 
and alternative solutions from Stage 7 by listing 
advantages and dfi^dyantages of each solution. 

Now tfijit you have examined the evidence and 
' Ubulated the pros and cons of the problem or 
solution, evaluate each as to its practicability and 
feasibility. Then rank solutions from best to poorest. 
(Stage 9) In ranking, one arranges the solutions from 
the best to the poorest. , 

After Stage 9, the flow is cycled back ko Stage 

10. ' ^ . : : 

Stage 10 Are there unsolved problems? Presuming 
affirmative answers to Stages 3, 4 an4 5, we now 
are^t the |k)int where >ve see if all important 
questions have been asked. While it is recognized that 
the words' &nporrflnr questions obyipusly involve < 
value (subjective) judgments^ such ^ue jiKigments in 

' ' technological applications a^e urvavoidable. 

; . • • p ■■ 

A negative answer to Stage 10 recydes the flow 
back to Stage 2, and a positive response sends qne 
to the ,exit of the decision-making* program. 

' » ' -fl - ; ' ' 

Two additional Icomments - regarding this 
decision-making flowchat are in order First, it 
re|?resents a series of intellectual processes and you 
must try to understand it. ^ 

Second, the flowchart is only a., first 
approximation (only «representative) or the complex 
mental process involved In humah problem-solving. 
It is hoped that it will be most ^^u'able wfie(i 
considered in its present , form which is neither 
; exceedingly simple nor excessively complicated. 
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SURVEY YOUR 
KNOWLEDGE OF 
PqWER SOURCES 
AND ENVIRONMENT 




LIST ALTERNA. 
TiVE SOLUTIONS 
TO PROBLEM ' 



LIST ADVAINYAGES 
AND DJJS^DVANTAGES 

OF Wach solu- 
tion 



rank solutions 
iTfIiom best to 

> POOREST 



Flowchart of Basic Decision -Making * / 
Model for Resolufion of Environmental Problems 



FIGURE 2B 



APPENDIX IV 



UCENSING OF NUCLEAR POWEJl PLANTS^ 



, The ^fcillowing is a brief outline of the 
procedures which must be followed j)y a Utility in 
order to construct and operate a hudearpower plant. 

Before formally filing an application for 
construction and operation of a nuclear reactor, the 
company must select, site for the planned facility 
according to the criteria sppoified by the U.S. Nuclear 
Regulatory Commissiort. 'Then two specific permits 
must be obtained By the utility company: a 
'Construction permit and an operating license. 

^A.^ Steps fn Obtaining a Construction Perrnit 

: 1. The . utility company must submit a 
■ \ formal^^llpplication tcrthe Directorate of 
4 .' - Licensing of the U.S. Nucle#lleg61ator]^. 

Commission. Th^ apphcajtoif > ^ust 
' • wntaih detailed informatioit iij^nl^ 

♦ * ■ : '■ / : ' ■ 

V a. -Des^ an4^ location of the 
. \ '>prc5posed plant.* 

j b. V, iSafegoard^ ,'|p be provided^ 



6. 



c. / , Coihprehehsive 



. .^._„__^_._^ data; oh the 

^pri^sed site and its^^yironment. 

A review! of the application ^ made by 
the NRC Directorate of Licensing. An 
analysis of the application is prepared. 

. Copies of the' application are made 
available to die , public* and to the NRC 
Advisory Committee ^'on ^ Reactor 
Safeguards. This committee reviews . the ' 

. application and holds conferences with 
the applicant and the>Directorate of 
Licensing staff, 

A public hearing is held, usually near the 
proposed site, by anuNRC-^ppointed 
Atomic Safety and Licensing Board. 
Testimony may be pven by private 
citizens, state and* local officials and-,, 
community groiips- 

The Atomic Safety and Licensing Board 
reviews tjie testimojiy presented at the 
pul)lic hearing and die findings ^f the 
Directbrate of Licensing « and Advisory 
Committee on Reactor Safeguards and 
d^e decisTon fumade for or s^ainst 
• granting a construttion permit. 
•» ■ . ■ 

The decision of the Atomic Safety and 
Licensing Board is subject to review, by 
die fivenrnember Nuclear Regulatory 
Comnussion. 



7. ' A* cpnjtructiqh permit^ is Ranted of 

denied^ and public notice is given ^of the 
actioni: • . 

8. If a 'constniction ■:^CnnirT^^ 
construction of the j^lant may begin, ^ 

•under conistant inspection of « the NRC i 
Division of. Compliance. • ; j 

9.. As construction progresses, the company 
« applies to the NRC for an <^pei^tihg 

license. ? ' 

■ ' •* 

Steps in Obtaining an Operating, License % 

1. As construction of tlw reactor proceeds* , 
^4 r^fWRC inspections -assure that the ^* 

requiremelits of the Construction penmt -' V^ 

are metj^^j;' >^ 

2. When finals design^ is completed, «the 
, applicant submits a' Hnal safety analysis 

report, in support of an application for ' 
in operating licer^. Th^ safety analysis 
Import must incli(K: 



c. 



i^^ij^ns for operation. 

Procedures ^Ak coping 
emergency situations. 



with 



4. 



Final details on reactor design such 
as containment, core design apd 
^waste handling systems. » 
■ ^ ' ^ . 

The Directorate of Licensing prepares, a 
detailed evaluation of the i^ormation 
submitted and presents this evaluation to 
the Advisoiy Committer, on Reactor 
'Safeguards. 

The Advisoiy Committee on Reaqtor' 
Safeguards prepares an independent 
evaluation a^4 reports its opinion to the 
.Commission: This is made public. 



5. The NRC may dien: 

a. Publish a « 30-day public notice of 
ttie * proposed issuance of a 
.{^ovisiond operating license. 
)' , . 

\ b. Schedid|p fa, public hearing on .the 
. appUattion, 

c. ' Normally a hearing will liot be held 
at this stage unles^: 

There^is a difficult safety 
j[)roblem of tmblic importance. 



V 
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ii. Substantial public interest 
wanants a hearing. 

A If a public hearing is held^ the 
decision of the licensing board is 
subject to Commission review. 

Any o{>erating license may be provisional 
for an initial period of operation, at the 
end of \^ch time a review is made to 
determine conditions for a full term 
license of not more than 40^ years. 

a. The license sets forth the particular 
conditions which are to be met in 
order to assure protection of the 
health and safety of the .public. 



b. Reactor operators must b^ 
individually ' licensed by the 
Conmiission. 

7. All licensed reactors are inspected 
periodically by members of the NRC 
Division ^of Compliance to astttre that 
they are operated in accqrdance. with the 
terms of their licenses. . 

8. An Environmental Report must be 
submitted as part of the aoplications for 

'both the Construction Permit and the 
Operating License. 



